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¢ KM41C16000A/AL/ALL/ASL 
¢ KM44C4000A/AL/ALL/ASL 
¢ KM44C4100A/AL/ALL/ASL 
¢ KM48C2000A/AL/ALL/ASL 
¢ KM48C2100A/AL/ALL/ASL 
¢ KM41V16000A/AL/ALL/ASL 
¢ KM44V4000A/AL/ALL/ASL 
* KM44V4100A/AL/ALL/ASL 
* KM48V2000A/AL/ALL/ASL 
¢ KM48V2100A/AL/ALL/ASL 
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Circuit diagrams utilizing SAMSUNG products are included as a means of illustrating typical semi- 
conductor applications; consequently, complete information sufficient for construction purposes is 
not necessarily given. The information has been carefully checked and is believed to be entirely 


reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described herein any license under 
the patent rights of SAMSUNG or others. SAMSUNG reserves the right to change device specifica- 
tions. 


Certificate No __FM 24651 


KM41C16000A/AL/ALL/ASL 


CMOS DRAM 


16M x1 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


KM41C16000A/AL/ALL/ASL-5 
KM41C16000A/AL/ALL/ASL-6 | 60ns 15ns | 110ns 
KM41C16000A/AL/ALL/ASL-7 | 70Ons 20ns | 130ns 
KM41C16000A/AL/ALL/ASL-8 


+ Fast Page Mode operation 

- CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 
¢ Fast parallel test mode Capability 

« TTL compatible inputs and outputs 

* Common I/O using Early Write 

¢ Double+5.0V+ 10% power supply 

* 4096 cycles/64ms refresh 

+ 4096 cycles/128ms (Low Power & Self Ref.) 
« 4096 cycles/256ms (Super Low Power) 

+ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOPi(II) 


FUNCTIONAL BLOCK DIAGRAM 
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GENERAL DESCRIPTION 


The Samsung KM41C16000A/AL/ALL/ASL is a high 
speed CMOS 16,777,216 bitx 1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM41C16000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM41C16000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM41016000 AJ/ALJ/ALLJ/ASLJ =» KM41C16000 AT/ALT/ALLT/ASLT + KM41C16000 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 


Data Out 


AS Row Address Strobe 
| eae 
CAS Column Address Strobe 
Ww Read/Write Input 
Vcc Power(+5.0V) 
Vss Ground 
N.C. No connection 


fino 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 
Voltage on Any Pin Relative to Vss -1 to + 7.0 V 
Voltage on Vcc Supply Relative to Vss Vcc -1to +7.0 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 W 
Short Circuit Output Current los 50 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 


Supply Voltage 


Ground Vss Vv 
Input High Voltage VIH 2.4 _ Vec+1 Vv 
Input Low Voltage : V 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


Parameter Symbol} Min | Max | Units 
KM41C16000A/AL/ALL/ASL-5 90 mA 
Operating Current* KM41C16000A/AL/ALL/ASL-6 — 2 80 mA 
(RAS and CAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA 
KM41C16000A/AL/ALL/ASL-8 60 mA 
KM41C16000A 2 mA 
Standby Current KM41C16000AL ees 7 1 mA 
(RAS=CAS=W=Vu ) KM41C16000ALL 1 mA 
KM41C16000ASL 1 mA 
KM41C16000A/AL/ALL/ASL-5 90 mA 
RAS-Only Refresh Current* KM41C16000A/AL/ALL/ASL-6 ea 7 80 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA 
: KM41C16000A/AL/ALL/ASL-8 60 mA 
KM41C16000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM41C16000A/AL/ALL/ASL-6 ieey 7 70 mA 
(RAS=Vit, CAS, Address Cycling @tpc=min.) KM41C16000A/AL/ALL/ASL-7 60 mA 
KM41C16000A/AL/ALL/ASL-8 50 | mA 
KM41C16000A 1 mA 
Standby Current KM41C16000AL ieee . 300 HA 
(RAS=CAS=W=Vcc-0.2V) KM41C16000ALL 200 | pA 
KM41C16000ASL 200 LA 
KM41C16000A/AL/ALL/ASL-5 90 mA 
CAS-Before-RAS Refresh Current* KM41C16000A/AL/ALL/ASL-6 ies ; 80 mA 
(RAS and CAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA 
KM41C16000A/AL/ALL/ASL-8 60 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS ae lcc7 : i mA 
Cycling or 0.2V Din=Don't Care Tac=31.54S(L-Ver.) # 
62.54S(SL-Ver.), TRAS Smin~300ns 


att” ) 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 
DQ1-DQs=Vcc-0.2V, 0.2V or Open 


Input Leakage Current 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


KM41C16000ALL 


I) -10 


Output Leakage Current 
(Data out is disabled, OV<VouT< Vcc) 


Output High Voltage Level (loH=-5mA) 


Output Low Voltage Level (lo.=4.2mA) 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°c, Voc=5V, f=1MHz) 


Parameter 


Input Capacitance (D) 


Input Capacitance (Ao-A11) 


Input Capacitance (RAS, CAS, W) 
Fineaiommeanes <= ile ee 


Random read or write cycle time 
Read-modify-write cycle time 
Access time from RAS 


Access time from column address 
CAS to output in Low-Z 

Output buffer turn-off delay 
Transition time (rise and fall) 


RAS precharge time 
RAS pulse width 
RAS hold time 

CAS hold time 


15| 10000 | 20| t0.000 | 20/ 10000/ ns | | 
FS to CIS delay time | 45 | 20] 50} 20 0] ms | a | 
[FAS to coum accrss deaytime | two | 15 | 90] 6] 95) 15) 40] ns | | 
Pimms) 
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KM41C16000A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (continued) 


Parameter 


Row address set-up time 


Row address hold time 


| of | ol 0 


Column address set-up time 
Column address hold time 
Column address hold time referenced to RAS 


Column address to RAS lead time 


Read command set-up time 


10 10 
0 0 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


| of | of ts] | 
|] | oo] 


-7 -8 


Units 
Min] Max | Min| Max | 
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ie 

9 

9 
Write command hold time 15 ns 
Write command hold time referenced to RAS 60 ns | 6 
Write command pulse width 15 firs | 
Write command to RAS lead time 20 lns| | 
Write command to CAS lead time 20 ns = 
Data set-up time 0 ns | 10 
Data hold time 15 ns 10 
Data hold time referenced to RAS 55 60 ns 6 
Refresh period (Normal) 64] ms 
Refresh period (Low Power & Self Ref.) 128 | ms i 
Refresh period (Super Low Power) 256 | ms ee =i] 
Write command set-up time 0 ns | 
CAS to W delay time 20 ns 8 
RAS to W delay time 80 ns 8 
Column address to W delay time 40 ns 8 
CAS set-up time (CAS-before-RAS refresh) 10 | ns 
CAS hold time (CAS-before-RAS refresh) 15 ns 
RAS to CAS precharge time 5 
CAS precharge time (C-B-R counter test cycle) 30 


Access time from CAS precharge 


Fast Page mode cycle time 

Fast Page mode read-modify-write cycle time 
CAS precharge time (Fast Page mode) 

RAS pulse width (Fast Page mode) 


RAS hold time from CAS precharge 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (Continued) 


ts tt 
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CS a 
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TEST MODE CYCLE (Note 12) 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


NOTES 


1. An initial pause of 200zs is required after power-up read-write cycle and the data output will contain 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 
. Vin(min) and Vit(max) are reference levels for 


duration of the cycle. If tcwo>tcwo(min), tawD > 
tRwD(min) and tawD >tawp(min), then the cycle is a 


ei” 


ELECTRONICS 


the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


measuring timing of input signals. Transition times 9. Either tRcH or tRRH must be satisfied for a read 
are measured between ViH(min) and ViL(max) are cycle. = 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 

. Measured with a load equivalent to 2 TTL loads leading edge in early write cycles and to the W 
and 100pF leading edge in read-write cycles. 

. Operation within the taco(max) limit insures that 11. Operation within the trao(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a trac(max) can be met. trap(max) is specified as a 
reference point only. If tcp is greater than the reference point only. If trap is greater than the 
specified trcp(max) limit, then access time is specified tRaD(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

. Assumes that tRcbD >trRcD (max). 12. These specifications are applied in the test mode. 

. tar, twor, tbHR are referenced to tRAD(max). 13. In test mode read cycle, the value of tRAc, taa, tcac 

. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 

. twcs, trwo, tcwo and tawp are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. torF(max) and toEz(max) define the time at which 
data sheet as electric characteristics only. If twcs > the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the 15. 4096 cycle of burst refresh must be executed 


within 64ms before and after self refresh, in order 
to meet refresh specification. 


KM41C16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 
READ CYCLE 
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KM41C16000A/AL/ALL/ASL 


CMOS DRAM 


TIMING DIAGRAMS (continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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KM41C16000A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS (continuea) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp tap 
RAS Vin — tar 3 
Vi — 


ee Sea tec 
top tcp trsH 


Vu = tcas tcas 
CAS Vi — Y/ 
tasc l 
tasr 
Viq Y xX COLUMN KX YY itis) 
ace OEE Sates Te ve RK soonest KS 


XX XAL ADDRESS ADDRESS VAX X X > OY) 


oll 


ae KO 


Vic — XXKKX 


=| 


Oy or LOOX 
Fes agnos 

_ VY poe YYN = Wi 

= ~ XXX) qf ottn DRO orton DEE AN DRY 


Viv 


< 


tour 


FAST PAGE MODE READ-WRITE CYCLE 


trasP = 


Vin 
Vi 


tar 


tore a 


“TA 


ee . Vin xy i tcas a 
Vit — i 


tasr 


tes 
ne > RF Row WARM ar OOK oe AS Oh RERRSRRXRSNS 


AVA AN 


: T= 
Ben 2! = iz 
ae RR TERT (ota DRO cttiln RYN HOD 
era: 
Vou — Ot we, SS 
- i . RY DON'T CARE 
@aew~5sti‘i‘éésé;t~C 


ELECTRONICS 


KM41C16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 
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CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’'t Care 
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CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


b+ trp 


Vin _ tras 


tosr 


Q 
> 
wn 


Vu om VAV AV AV AN AY VY SYY YAY Y VY L_ WAV AW Wi \/ 
BT REIN RMD OAK 
twap | | = 
nase oe a XXX y XXX XXKXX KX XK KA Bie 
wy OYE at XX 
VoH — % _ 
. QYX_vauooaracur 
WRITE CYCLE he twrH ais 
wf OY ROY TROY 


Q OPEN 
Vo. — 


tos 


-+—tox 


7 SOI vauw onan DOORS RNR 


t t ~ ptowe 
RP — AWD —— | 
READ-MODIFY-WRITE ESE: ey tacs | [ iene __| Bes 
twe 
= Vin — ~\AV/ YM W/ Xx XXX XXX XW V/ xX YY YY : 
Wee ROKK WOON 
Jie co torr 


Vou — 


y 


Vor — 


Vin — 


KKK RRA K RON 5 DPRK 


VALID DATA-IN 


RY DON'T CARE 
PSimsungg ° 


ELECTRONICS 


Vi = 


KM41C16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
Note: D, Address: Don't Care 
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TEST MODE DESCRIPTION 


The KM41C16000A/AL/ALL/ASL is the RAM organized “Test Mode", the 16M DRAM can be tested as if it were 
16,777,216 words by 1 bit, it is internally organized 1, a 1Mx1 DRAM. W, CAS-BEFORE-RAS Cycle (Test 
048,576 words by 16 bits. In "Test Mode", data are Mode in Cycle) puts the device into "Test Mode". And 
written into 16 sectors in parallel and retrieved the same "CAS-BEFORE-RAS REFRESH CYCLE" or "RAS-only 


way. Column address bit Ao, A1, A1o and A11 are not Refresh Cycle" puts it back into "Normal Mode". The 
used. If, upon reading, 16 bits are equal (all "1"s or "0"s) “Test Mode" function reduces test time (1/16 in cases of 
the Q pin indicates a "1". N test pattern). 


if they were not equal, the Q pin would indicate a "0". In 


a” : 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 


0.012 (0.30) 


0.340 (8.64) 
0.008 (0.20) 


0.295 (7.49) 
0.305 (7.75) 


4 


7 0.128 (3.25) 
0.145 (3.68) 


ta] 
0.670 (17.02) 
0.680 (17.27) 


ja 0.004(0.1) 


0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (S00MIL, Forward and Reverse Type) 


| 0.026(0.66) - 

0.032(0.81) 

0.050(1.27) 
MAX 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 


0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.671 (17.04) 
0.679 (17.24) 


- 0.048 (1.22) 0.012 (0.30) | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 


0.047 (1.20) 


0.039 (1.0) 


0.005 (0.13) 
0.008 (0.20) 


[| 9.008 (0.08) 


0.016 (0.40) L a 
0024 (0.60) 
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KM41C16000A/AL/ALL/ASL -CMOS DRAM 


PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 
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KM44C4000A/AL/ALL/ASL 


CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


KM44C4000A/AL/ALL/ASL-5 
~ KM44C4000A/AL/ALL/ASL-6 
KM44C4000A/AL/ALL/ASL-7 | 70ns 
KM44C4000A/AL/ALL/ASL-8 


- Fast Page Mode operation 

+ CAS-before-RAS refresh capability 

+ RAS-only and Hidden Refresh capability 

« Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

- Double+5.0V + 10% power supply 

- 4096 cycles/64ms refresh (Normal) 

* 4096 cycles/128ms refresh (Low power & Self Ref.) 
¢ 4096 cycles/256ms refresh (Super Low power) 
« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOPiII) 


FUNCTIONAL BLOCK DIAGRAM 


GENERAL DESCRIPTION 


The Samsung KM44C4000A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Control Vcc 
Clocks Vss 


Refresh Timer 
= 
Refresh Control 
Refresh Counter 


AO~A11 Row Address Buffer 


Col. Address Buffer 


AQ~A9 


Memory Array 
4,194,304 x4 


Column Decoder 


———— 


Data in 
Buffer 


Sense Amps & |O 


Data out 
Buffer 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM44C4000 AJ/ALJ/ALLJ/ASLJ + KM44C4000 AT/ALT/ALLT/ASLT + KM44C4000 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 


Pin Name Pin Function 
Ao-A11 Address inputs 

DQ1~4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Write Input 


OE Data Output Enable 
Vcc Power(+5.0V) 


<I ; 
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KM44C4000A/AL/ALL/ASL 


CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


* 


Parameter 
Voltage on Any Pin Relative to Vss Vin, Vout -1to +7.0 Vv 
Voltage on Vcc Supply Relative to Vss Vcc -1to +7.0 Vv 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp i 1 W 
Short Circuit Output Current los 50 mA 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


se 


ELECTRONICS 


Parameter Min Typ Max Unit 
Supply Voltage 4.5 5.0 5.5 V 
Ground 0 0 0 V 
Input High Voltage 2.4 — Vec + 1 Vv | 
Input Low Voltage -1.0 = 0.8 V 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol! Min | Max | Units 
KM44C4000A/AL/ALL/ASL-5 90 mA 
Operating Current* KM44C4000A/AL/ALL/ASL-6 - 80 mA 
(RAS and CAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C4000A/AV/ALL/ASL-8 60 mA 
KM44C4000A 2 mA 
Standby Current KM44C4000AL ron : 1 mA 
(RAS=CAS=W=Vu ) KM44C4000ALL 1 mA 
KM44C4000ASL 1 mA : 
KM44C4000A/AL/ALL/ASL-5 90 mA 
RAS-Only Refresh Current* KM44C4000A/AL/ALL/ASL-6 ics 7 80 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C4000A/AL/ALL/ASL-8 60 mA 
KM44C4000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM44C4000A/AL/ALL/ASL-6 ian 7 70 mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM44C4000A/AL/ALL/ASL-7 60 mA 
KM44C4000A/AL/ALL/ASL-8 50 mA 
|. a 
KM44C4000A 1 mA 
Standby Current KM44C4000AL nas - 300 LA 
(RAS=CAS=W=Vcc-0.2V) KM44C4000ALL 200 HA 
KM44C4000ASL 200 uA 
KM44C4000A/AL/ALL/ASL-5 90 mA 
CAS-Before-RAS Refresh Current* KM44C4000A/AL/ALL/ASL-6 ee ; 80 mA 
(RAS and CAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C4000A/AL/ALL/ASL-8 60 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Lp Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V CAS=CAS-Before-RAS sponded Icc7 - ot me 
Cycling or 0.2V Din=Don't Care TRc=31.25uS(L-Ver.) F 
62.54S(SL-Ver.), Tras min~300ns 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continuea) 


(Recommended operating conditions unless otherwise noted) 


Parametr iY Sab in | Oni 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 


Input Leakage Current 
(Any input 0< Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


Output Leakage Current 
(Data out is disabled, OV<VouT< Vcc) 


Output High Voltage Level (loH=-5mA) 


“NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. in Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°C, Voc=5v, f=1MHz) 


Parameter 
Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQa4) 


Random read or write cycle time 


Read-modify-write cycle time 


Access time from RAS tRAC 5 


Access time from CAS 


Access time from column address 


tcac 
CAS to output in Low-Z 
| torr | 
tt 


Output buffer turn-off delay 


Transition time (rise and fall) 


RAS precharge time 
RAS pulse width 

RAS hold time 

CAS hold time 

CAS pulse width 

RAS to CAS delay time 
RAS to column address delay time tRAD 15 25 | 15 30} 15 1 40} ns 11 
CAS to RAS precharge time top 5 5 | 


ae i 
Row address set-up time tasR 0 0 Fol | of | mi | 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (continued) 


Parameter a 7 ee : Units ; Notes 
Max | Min) Max | Min| Max 

Row address hold time 10 10 “10 ns 
Column address set-up time 0 0 ns 
Column address hold time 15 15 ns i 
Column address hold time referenced to RAS 55 60 ns 6 
Column address to RAS lead time 35 | 40 ns 
Read command set-up time 0 | 0 ns 
Read command hold time referenced to CAS 0 0 | reel 9 
Read command hold time referenced to RAS dives 0 0 _|_ns 
Write command hold time 15 15 ns 
Write command hold time referenced to RAS 55 | 60 ns 6 
Write command pulse width eu 15 15 4 ns 
Write command to RAS lead time 20 20 = ns 
Write command to CAS lead time 20 | 20 ns | 
Data set-up time 0 0 ns 10 
Data hold time 15 15 ns 10 
Data hold time referenced to RAS 55 60 ns 6 
Refresh period (Normal) | ef =| Sos] S| wa] 64} ms 
Refresh period (Low power & Self Ref.) 128} ms 
Refresh period (Super Low power) 256 256 256 | ms 
Write command set-up time 0 0 ns 8 
ho ae T aan 7 i 
CAS to W delay time 50 50 ns 8 
RAS to W delay time 100 110 ns 8 
Column address to W delay time 65 70 = ns 8 
CAS set-up time (CAS-before-RAS refresh) 10 a ee ns 
CAS hold time (CAS-before-RAS refresh) 15 =| 15 ns 
RAS to CAS precharge time 5 15 a 
CAS precharge time (C-B-R counter test cycle) 30 30 ns 
Access time from CAS precharge 35 45) ns 3 
Fast Page mode cycle time ns 
Fast Page mode read-modify-write cycle time ns 
CAS precharge time (Fast Page mode) ns 
RAS pulse width(Fast Page mode) 200000 200000 | ns 
RAS hold time from CAS precharge ns 
OE access time. 15 20| ns 
OE to data delay 15 ns atl 
Output buffer turn off delay time from OE 15 0 20 0 20| ns 


OE command hold time 
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KM44C4000A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter el ts) es 
Write command set-up time (Test mode in) ns | | 
Write command hold time (Test mode in) ns | | 
W to RAS precharge time (C-B-R refresh) ns 
W to RAS hold time (C-B-R refresh) ns 
RAS pulse width (C-B-R self refresh) HS 15 
RAS precharge time (C-B-R self refresh) ns 15 
CAS hold time (C-B-R self refresh) ns | 18 
TEST MODE CYCLE (Note.12) 
-5 -6 -7 -8 
Parameter Symbol Units | Notes 
Min| Max | Min | Max | Min| Max | Min| Max 
Random read or write cycle time tRC 95 — 8 135 155 ns 
Read-modify-write cycle time trwc | 138 190 210 ns | 
Access time from RAS tRAC | gs} | 65 75 85| ns | 3,4,11 
Access time from CAS tcac | ta] 20 25 25| ns | 3,45 
Access time from column address 35 40 45) ns 3,11 
RAS pulse width tRAS 55 | 10,000} 65} 10,000} 75} 10,000}; 85] 10,000) ns 
CAS pulse width tcas 18 | 10,000) 20} 10,000; 25 10,000) 25] 10,000; ns 
RAS hold time trsH_ | 18 20 25 | 95 ns 
CAS hold time tcsH | 55 ail 75 85 ns 
Column address to RAS lead time tra. | 30 35 40 45 ns 
———— 
CAS to W delay time tewo | 414 45 55 al 55 | ns 8 
RAS to W delay time trwo | 78 90 105 115 ns 8 
Column address to W delay time tawD | 53 60 70 75 ns 8 
Fast Page mode cycle time tPc 40 45 50 55 ns 
Fast Page mode read-modify-write cycle time tprwc| 81 90 105 110 ns 
RAS pulse width (Fast Page Mode) a trasP | 55 | 200,000] 65 | 200,000} 75 | 200,000} 85 | 200,000) ns 
Access time from CAS precharge tCPA 35 40 | 45 50} ns 3 
OE access time tOEA 18 20 25 25| ns 
OE to data delay toep | 18 20 25 | 25 | | ns 
OE command hold time toeH | 18 20 25 25 ns 


a” 
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KM44C4000A/AL/ALL/ASL 


CMOS DRAM 


NOTES 
1 


~ 


. An initial pause of 200s is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vik(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 
and 100pF 
. Operation within the tacp(max) limit insures that 


trac(max) can be met. trcp(max) is specified as a 
reference point only. If tcp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trop > trRcp (max). 
. tar, twcr, tDHR are referenced to tRaD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

twcs, tRwD, tcwo and tawp are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. if twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo > 
trwo(min) and tawD >tawo(min), then the cycle is a 


10. 


11. 


12. 
13. 


14, 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
tRaAc(max) can be met. tRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 
READ CYCLE 


trc 


co tap 
= Vin 


; —— 
us ORY ai 
abel OD 
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trap trRH 
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ma 
toez 
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Vou | ry 
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RY DON’T CARE 
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XM44C4000A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY CYCLE) 


t tre 
i RAS + 
Vin = 
RAS tar 


———— 
CE ION 
i 


torp 


= YO 


Vv 


Vin -— fSYYVY 
S . ORM acitss ) 


Vv; 
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RL OOO 
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trwe 


< 


tos tox 


VALID DATA-IN 
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KM44C4000A/AL/ALL/ASL —_—_ CMOS DRAM 


TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE | 


tawe 


tre 
tras 


torp 
treo trash 


Viq Ca Ls tcas 
- SUT e : 
=ycl= 
Vn —- YY / YYVYY YY Y VY Y YY YY YY YY YY VY VY VY VY OV OV 
me RM Bom _DRD HE coven ROO ACO IDOI 
a al 
w ee | | 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasP tae 


my SW JR=NE ic e ae 
“-F apa type 

ye OK 88 a Sones DO fiz eX ig OO 

= Vin Ll Hs 5 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


trasp 


ie) 

> 

a 
I 
QO 


= tcas V / 
i i= eestor 
 EBRRERS RSS KI SEEHEES DRS IKK 


Vin 
X88 8 KOO 
Vv LAS 
iL ae pty oe 
= twp 
Vin — XxX) XXX KF i 
xX ae | 
OOO trwo | 
= Tes 
dE Vin 
Vi — 
taa 
toc a 
toac 
ws Yon OHO ain 


> 


| 


TK 
VOL — Y Cy 


VALID teiz 
DATAOUT DATA-IN DATA-OUT DATAIN 


RY DON'T CARE 


ELECTRONICS 


KM44C4000A/AL/ALL/ASL 7 CMOS DRAM 


TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


ViH— 
RAS Vie 
a ViH— 
CAS 

Vit— 


A ma XX) WN [row avo MX) Wy NX any Wi) NA 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’'t Care 


trac- 
> tap trp 

__ ViH— 
RAS ——____—_——_- tras 

vit tapc trPc 

tcsr iene 

ViH— 
CAS 

ViL— 

torr 
VuioH — 

DQ,-DQ, Vv OPEN 

VOL — 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


RAS Vin 
Vit — 
— ViH — 
LCAS 
Vit— 
Vv 
pat-pas /OH 
VoL 


Xx] DON’T CARE 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE trp 


RAS me tras 
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TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 


CMOS DRAM 


-—__________—— tre 


a Vin — 
RAS 
aS trec 
tcp 
ra tcsr 
ee Vino Y 
CAS 
Vi — 
= Vin XKXXXKKKX KX 
Ww 
Vit — OG: 
torr 
pa,-0a, “or ~ N 
Vo. — 


TEST MODE DESCRIPTION 


The KM44C4000A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In “Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and Ai are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


tap 
tras 


ASSIS OK 


LN XXXX 


KX AAR KK 


OPEN 


Ke DON’T CARE 


Mode", the 4M x 4 DRAM can be tested as if it were a 
1Mx4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 


pease 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


—|m_ am am Pond mal 
ols o}o 

ae BIS sls gs 
rye L169 2/2 o/s 
romms) Siw e/o olN 
OlnN OO] ofc 

gi8 NIN 2] 9 8(S 
oo) Ol0 o/o o1o 


0.670 (17.02) 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


C)| 0.004(0.1) 
0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 


L 0.026(0.66) 

0.032(0.81) 

0.050(1.27) 
MAX 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 
0.359 (9.12) 
0.367 (9.32) 


0.324(8.22) 


0.671 (17.04) 
0.679 (17.24) 


—_ 0.048 (1.22) 0.012 ooro0 
0.052 (1.32) 0.020 on200, 50) 0.037 (0.95) 
TYP 


0.016 (0.40) 
0.024 (0.60) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


7 0.025(0.64) 
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0.050(1.27} 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
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KM44C4100A/AL/ALL/ASL 


CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


« Performance range: 


tRc 
KM44C4100A/AL/ALL/ASL-5 90ns 
KM44C4100A/AL/ALL/ASL-6 110ns | 
KM44C4100A/AL/ALL/ASL-7 130ns 
KM44C4100A/AL/ALL/ASL-8 150ns 


« Fast Page Mode operation 

« CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

* TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

* Double+5.0V+ 10% power supply 

« 2048 cycles/32ms refresh (Normal) 

° 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(I}) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


GENERAL DESCRIPTION 


The Samsung KM44C4100A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vcc 


Vss 


Refresh Control 


A0~A10 


Memory Array 


Column Decoder 


—————_—_—_—_—_—————_, 


DQ1 


4,194,304 x 4 
Cells 


Sense Amps & IO 


Data out 
Buffer 
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CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM44C4100 AJ/ALJ/ALLJ/ASLJ +» KM44C4100 AT/ALT/ALLT/ASLT 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS 


DQ, 


DQ3 
CAS 
OE 
Ag 
Ag 
A7 
Ag 
As 
Ag 
Vss 
J: 400MIL T : 400MIL(Forward) 
K : 300MIL S : 300MIL(Forward) 

Pin Name Pin Function 

Ao-A10 Address Inputs 

DQ1~4 Data In/Out 

T 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

WwW Read/Write Input 

OE Data Output Enable 

Vcc Power(+5.0V) 

N.C No Connection 


* KM44C4100 ATR/ALTR/ALLTR/ASLTR 


ASR/ALSR/ALLSR/ASLSR 


TR : 400MIL(Reverse) 
SR : 300MIL(Reverse) 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Rating Units 
Voltage on Any Pin Relative to Vss Vin, Vout -1 to + 7.0 Vv 
Voltage on Vcc Supply Relative to Vss Vcc -1to +7.0 Vv “ 
Storage Temperature Tstg -55 to + 150 
Power Dissipation Pp 1 W 
Short Circuit Output Current los 50 mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter 


Supply Voltage Vcc 
Ground Vss 


Vv 
Input High Voltage VIH : = Vcc + 1 Vv 
Vv 


VIL 


Input Low Voltage 


Parameter 
KM44C4100A/AL/ALL/ASL-5 
Operating Current* KM44C4100A/AL/ALL/ASL-6 nes 
(RAS and CAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 90 mA 
KM44C4100A/AL/ALL/ASL-8 80 mA 
KM44C4100A 2 mA 
Standby Current KM44C4100AL ae 7 1 mA 
(RAS=CAS=W=VH ) KM44C4100ALL 1 mA 
| KM44C4100ASL 1 mA 
—_ KM44C4100A/AL/ALL/ASL-5 | 110 mA 
RAS-Only Refresh Current* KM44C4100A/AL/ALL/ASL-6 136 , 100 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 90 mA 
| KM44C4100A/AL/ALL/ASL-8 { 80 | mA 
KM44C4100A/AL/ALL/ASL-5 90 mA | 
Fast Page Mode Current" KM44C4100A/AL/ALL/ASL-6 isa 7 80 mA 
(RAS=Vi, CAS, Address Cycling @tec=min.) KM44C4100A/AL/ALL/ASL-7 70 mA 
KM44C4100A/AL/ALL/ASL-8 60 mA | 
KM44C4100A 1 mA 
Standby Current KM44C4100AL ics 300 HA 
(RAS=CAS=W=Vcc-0.2V) KM44C4100ALL 200 HA 
KM44C4100ASL 200 LA 
KM44C4100A/AL/ALL/ASL-5 110 mA 
CAS-Before-RAS Refresh Current* KM44C4100A/AL/ALL/ASL-6 es _ 100 | mA 
(RAS and CAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 90 mA 
| KM44C4100A/AL/ALL/ASL-8 80 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vir)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS ae eee lcc7 - a . ‘ 
Cycling or 0.2V Din=Don't Care Tro=62.54S(L-Ver.) B 
125S(SL-Ver.), TRasSmin~300ns 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol} Min | Max | Units 


Self Refresh Current 
RAS=CAS=0.2V 


W=OE=Ao-A10=Voo-0.2V or 0.2V ae lcs | - | 300) #A 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 
[input Leakage Corrent ; | 

nput Leakage Curren rr -10 10 wh 


(Any input 0<ViIN <Vcc+0.5V, all other pins not under test=0 volts.) 


Output Leakage Current 

(Data out is disabled, OV< Vout <Vcc) low ae He pA 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 
T a 

Output Low Voltage Level (lo.=4.2mA) VOL - 0.4 V 


nn Ses Se ee ee 

*NOTE: {cc1, Icc3, Icca and !cce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°C, Voc=5v, f=1MHz) 


Parameter 
input Capacitance (Ao~A10) 
Input Capacitance (RAS, CAS, W, OE) 7 pF 
Input Capacitance (DQ1~DQa) 
AC CHARACTERISTICS 0°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 
-§ -6 -7 -8 
Parameter Symbol Units | Notes 
Min| Max | Min; Max | Min| Max | Min; Max 
Random read or write cycle time tRC 90 110 130 150 ns 
Read-modify-write cycle time trwe | 133 155 | “4 185 [ | 205 | | ns i | 
Access time from RAS tRAC 50 60 ie 70 ( 80} ns | 3,411 
Access time from CAS tcac_| 13 15 | 20 | 20; ns | 34,5 
Access time from column address tAA 25 _| 30 | 35 | 40 | ns 3,11 
CAS to output in Low-Z teiz | 0 0 L 0 0 | ns | 3 
Output buffer turn-off delay tOFF 0 13) 0 | 15 0 20 0| 20} ns jt 
Henatton time (rise and fall) ffs St 3 50 3 Mis 50 (ie cee 50 A 50 |_ns hes 2 | 
RAS precharge time tRP 30 40 50 60 ns 
RAS pulse width tRAS 50 60 | 10,000 | 70) 10,000 { 80) 10,000; ns 
RAS hold time trsH | 13 15 20 20 ns 
CAS hold time | tesa | 50 60 | iz i [20] ee i- 
CAS pulse width tcas cf 13 | 10,000) 15 10,000 | 20 | 10,000 | 20 | 10,000 | ns 
RAS to CAS delay time | taco | 20 37| 20]; 45/ 20 50| 20}; 60 ng | rae 
vail address seat’ ie 15 25| 15 - 30 | 15 = 35 | 15] 40) ns ie 11 a 
‘AS to RAS precharge time tcRP 5 5 5 S| ns 
Row address set-up time tASR ig 0 0 i 0 [= | 0 i ns 
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AC CHARACTERISTICS (Continued) 
-§ -6 -7 -8 
Parameter Symbol — —- Units | Notes 
| Min} Max | Minj Max |; Min] Max | Min| Max 
Row address hold time tRAH 10 10 10 10 ns 
ea a re am 
Column address set-up time a tasc_ | 0 0 0 0} ns | 
Column address hold time {CAH 10 10 | | 15 I 15 ns 
a — - 37 4 + 
Column address hold time referenced to RAS |_ tar af 40 45 55 60 | _fs 6 
Column address to RAS lead time tRAL | 25 30 35 a 40 ns | 
Read command set-up time tRCS 0 [ 0 | i 0 | ns | 
Read command hold time referenced to CAS tRCH 0 0 0 0 ns g 
a rs r r Ty i : 
Read command hold time referenced to RAS tRRH 0 0 0 0 | ns 
= 
Write command hold time twCH 10 10 15 3 15 | ns | | 
Write command hold time referenced to RAS {| twer | 40 45 ee 55 60 |_As 6 | 
Write command pulse width twp 10 10 5 | 15 ns | 
ao a 
Write command to RAS lead time tRWL 15 1 5 | 20 [ e 20 | “a ns {| | 
Write command to CAS lead time tem | 13 15 20 | 20 ns ] 
~f. 4 T 
Data set-up time tos 0 0 0 0 ns 10 
{~ T 
Data hold time tDH 10 10 15 15 ns 10 
Data hold time referenced to RAS toHR | 40 a 45 55 60 ns 6 
Refresh period (Normal) tREF 32 32 32 | ms 
Refresh period (Low power & Self Ref.) tREF 128 128 128) ms 
Refresh period (Super Low power) tREF 256 256 256 | ms 
Write command set-up time twcs 0 0} Oo} {0 ns | 8 
CAS to W delay time i towo | 36 40 | 50 50 |_ns 8 | 
RAS to W delay time _|_tawo 73 85 100 110 ns | 8 
Column address to W delay time tawo | 48. 55 | 65 | 70 ns 8 | 
CAS set-up time (CAS-before-RAS refresh) tcsR | 10 10 10 [ 10 ns 
ema? oo a | T Zl 
CAS hoid time (CAS-before-RAS refresh) tCHR 10 7; 10 15 15 [ns | 
pate —] r T 
RAS to CAS precharge time tRPC 5 5 5 5 | ns 
= = r 1 i ean | | 
CAS precharge time (C-B-R counter test cycle) tcPT 20 20 30 | 30 ns 
Access time from CAS precharge tCPA 30 tee 35; | 40 45| nm | 3 | 
Fast Page mode cycle time tpc 35 40 45 | 50 ns 
Fast Page mode read-modify-write cycle time tpRWC| 76 85 100 105 | ns | 
CAS precharge time (Fast Page mode) tcp i 10 10 10 | 10 ns | 
RAS pulse width(Fast Page mode) trasP | 50 | 200000 60 | 200000 | 70 | 200000} 80 200000; ns 
Ty Ty a 
RAS hold time from CAS precharge tRHCP [20 35 40 | 45 ns | 
i | _[ | 
OE access time tOEA 13 15 20 20| ns 
OE to data dela’ Te qi 13 15 | 20 20 ns | 
Output buffer turn off delay time from OE toEz 0 13; - 0 15] 0 20 0 20| ns | 
"| OE command hold time tory | 13 15 20 20 ns 
40 
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CMOS DRAM 
AC CHARACTERISTICS (Continued) 
Parameter Symbol sre, = a al = —— Units | Notes 
Min| Max | Min} Max | Min| Max 
Write command set-up time (Test mode in) twTs 10 10 10 10 ns 
Write command hold time (Test mode in) twrH | 10 ne 10 10 ze 10 = ne | a 
W to RAS precharge time (C-B-R refresh) twee | 10 10 101 10 ns 
W to RAS hold time (C-B-R refresh) twRH | 10] | 101 10 10 ns 
RAS pulse width (C-B-R self refresh) trass | 100 (eee 100 100 100 us 15 
RAS precharge time (C-B-R self refresh) | taps | 90 — 110 130 150] ) 15 
CAS hold time (C-B-R self refresh) tcHs | -50 -50 -50 -50 ns 15 | 
TEST MODE CYCLE (Note.12) 
Parameter Symbol Units | Notes 
Min| Max | Min| Max | Min| Max 
Random read or write cycle time tRC 95 115 135 155 ns 
Read-modify-write cycle time trwc | 138 160 | |_190 _ 210 I _|_ ns 
Access time from RAS tRAC 55 65 75| 85| ns | 3,4,11 
Access time from CAS | toac 18} | 20 a 25 7 25| ns | 3,45 
Access time from column address TAA 30 35 40 45; ns 3,11 
RAS pulse width | tras | 55] 10,000 ral 10,000 75 | 10,000 es | 10,000) ns | 
CAS pulse width {CAS 18] 10,000} 20] 10,000) 25 | 10,000} 25 | 10,000} ns 
RAS hold time tas | 18 20 25 | 25 ns 
CAS hold time tesH | 55 65 75 85 ns 
Column address to RAS lead time [tran i 30 35 | 40 a 45 i ns | | 
CAS to W delay time tcwo | 41 45 | 55 55 ns 8 
RAS to W delay time trwo | 78 90 | 105 i 4 15 ns 8 | 
Column address to W delay time tawo | 53 60 al 75 ns 8 
Fast Page mode cycle time tPc mi 40 45 50 55 ns 
Fast Page mode read-modify-write cycle time | tpRWwc} 81 90 105 110 jons | 
RAS pulse width (Fast Page Mode) trasP | 55 | 200,000] 65 ; 200,000} 75 pen 85 _{ 200,000 ns 
Access time from CAS precharge tora | 35 40 45 50) ns 3 
OE access time tOEA 18 20 25 25) ns 
OE to data delay toED 18, | 20 25 25 ns 
OE command hold time toeH | 18 20 25 25 ns 
41 
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CMOS DRAM 


NOTES 


1. 


An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViIH(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF 


. Operation within the trcp(max) limit insures that 


tRac(max) can be met. trcp(max) is specified as a 
reference point only. If tRcp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcD >trcp (max). 
. tar, twcr, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VOL. 


. twcs, tRwD, tcwD and tawD are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwo > 
trwp(min) and tawpD > tawp(min), then the cycle is a 


10. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


. Operation within the tRAp(max) limit insures that 


tRAc(max) can be met. trRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAC, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 6 continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS C(continueg) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 
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CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 
TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE [~ trp 
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KM44C4100A/AL/ALL/ASL 


CMOS DRAM 


TIMING DIAGRAMS (continueg) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM44C4100A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


tras 


AX NON 


LEEK 


OPEN 


Lao ow care 


Mode", the 4M x4 DRAM can be tested as if it were a 
1Mx 4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


7.49) 


Fas [rien nee adie 
e 8/8 81s a8 
Rats C/o 21a sic 
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0.050(1.27) 0.015(0.38) _om06 
TYP | 0.021(0.53) 0.032(0.81) 
ih 0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 
TYP 


I 


Ba.) as a\|— 

ae ala 
GIS a| Sls 
SS al, fe 
Din z+ Dim 
aS al/z {© 
N 1 O ise) oO} oD 
ola So fom ra) 


| 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


= 0.048 (1.22) 0.012 (0.30) 
= 0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) [ sy 
0.024 (0.60) 


be 


a 0.003 (0.08) 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


re 


0.050(1.27) 
MAX 


0.400(10.16) 
0.360(9.10) 
0.380(9.65) 
0.430(10.90) 
0.445(11.30) 
0.008(0.20) 


| 0.144(3.66) 


MAX 


la 0.004(0.1) 


0.050(1.27) a 
TYP 


0.015(0.38) 4 
0.021(0.53) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


0.03 (0.80) 


=|§ g 
= 4 
an bas = 
co |N ne 
/O 
o/s + 
3/9 iS 


0.723 (18.36) 


0.727 (18.46) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


a 


CQ] 0.003 (0.08) 


= 0.048 (1.22) 0.012 oor200 | 
0.052 (1.32) 0.020 oon 50) 0.037 (0.95) 
TYP 


0.016 (0.40) 
0.024 (0.60) 


<> 


ELECTRONICS 


KM48C2000A/AL/ALL/ASL 


CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES GENERAL DESCRIPTION 
« Performance range: The Samsung KM48C2000A/AL/ALL/ASL is a high 
Ro ee a = er ee eal speed CMOS 2,097,152 bit x 8 Dynamic Random 
mc teac tac Access Memory. Its design is optimized for high 
KM48C2000A/AL/ALL/ASL-5 50ns 13ns 90ns performance applications such as mainframes, mini 


KM48C2000A/AL/ALL/ASL-6 | 60ns 15ns | 110ns 


computers, graphics and high performance portable 
computers. 


KM48C2000A/AL/ALL/ASL-7 | 70Ons 20ns | 130ns 


+ Fast Page Mode operation 

« Byte Read/Write operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 
Fast parallel test mode Capability 

« TTL compatible inputs and outputs 

« Early write or output enable controlled write 
¢ Double+5.0V+ 10% power supply 

« 4096 cycles/64ms refresh (Normal) 


KM48C2000A/AL/ALL/ASL-8 80ns 20ns 150ns 
ESR aS i A Msc RES ES A LENA a re ee EE 


The KM48C2000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48C2000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


« 4096 cycles/128ms refresh (Low power & Self Ref.) 


* 4096 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 


¢ Available in plastic SOJ and TSOP(Il) packages 


FUNCTIONAL BLOCK DIAGRAM 


Ves Generator 


Control Vcc 


Refresh Timer 
Sa 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


Data in 
OQ 
4 DQ1 
Memory Array g @— to 
2,097,152 x8 <x DQ8 
Cells B 
o 
0) 
Data out 
Buffer OE 


Column Decoder 


él 
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KM48C2000A/AL/ALL/ASL 


CMOS DRAM 


PIN CONFIGURATION (Top Views) 


+ KM48C2000 AJ/ALJ/ALLJ/ASLJ 


¢ KM48C2000 AT/ALT/ALLT/ASLT 


° 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= 
« 


* KM48C2000 ATR/ALTR/ALLTR/ASLTR 


Pin Name Pin Function 
Ao-A11 Address Inputs 

DQ1~8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Write Input 

OE Data Output Enable 
Vcc 


Power(+5.0V) 


era 
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KM48C2000A/AL/ALL/ASL 


CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on Any Pin Relative to Vss VIN, VOUT -1to + 7.0 V 
Voltage on Vcc Supply Relative to Vss Vcc -1to +7.0 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 WwW 


Short Circuit Output Current 


los 


50 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


a” 


ELECTRONICS 


Parameter Symbol Min Typ Max Unit 
Supply Voltage 
Ground Vss 0 0 Vv 
Input High Voltage VIH 2.4 —_ Vcc + 1 V 
Input Low Voltage V 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol; Min | Max | Units 
KM48C2000A/AL/ALL/ASL-5 90 mA 
Operating Current* KM48C2000A/AL/ALL/ASL-6 —s ; 80 mA 
(RAS and CAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 60 mA 
KM48C2000A 2 mA 
Standby Current KM48C2000AL ee : 1 mA 
(RAS=CAS=W=Vu ) KM48C2000ALL 1 mA 
KM48C2000ASL 1 mA 
KM48C2000A/AL/ALL/ASL-5 90 mA 
RAS-Only Refresh Current* KM48C2000A/AL/ALL/ASL-6 aes ; 80 mA 
(CAS=ViH, RAS Cycling @ trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 60 mA 
KM48C2000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM48C2000A/AL/ALL/ASL-6 (gay - 70 mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM48C2000A/AL/ALL/ASL-7 60 mA 
KM48C2000A/AL/ALL/ASL-8 50 mA 
KM48C2000A 1 mA 
Standby Current KM48C2000AL ies - 300 LA 
(RAS=CAS=W=Vcc-0.2V) KM48C2000ALL 200 uA 
KM48C2000ASL 200 HA 
KM48C2000A/AL/ALL/ASL-5 90 mA 
CAS-Before-RAS Refresh Current* KM48C2000A/AL/ALL/ASL-6 es 7 80 mA 
(RAS and CAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 60 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin}=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS ae loc7 - a ae 
Cycling or 0.2V Din=Don't Care TRC=31.254S(L-Ver.) . 
62.5uS(SL-Ver.), Tras <300ns 
55 


KM48C2000A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (continued) 


Self Refresh Current 

RAS=CAS=0.2V 

W=OE=Ao-A11=Vcc-0.2V or 0.2V oe 0 ee 

DQ1-DQs8=Vcc-0.2V, 0.2V or Open 

Input Leakage Current fi 10 10 A 

(Any input 0< Vin <Vcc+0.5V, all other pins not under test=0 voits.) uy , 

Output Leakage Current c 

(Data out is disabled, OV<VoutT<Vcc) low a0. eee ee 
ol eae 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level (loL=4.2mA) VoL - 0.4 V 


“NOTE: Icc1, Icc3, lcc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. in Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE cta=25°c, voc=5v, f=1MHz) 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 


Input Capacitance (DQ1~DQs) 


AC CHARACTERISTICS 00°c<tTa<70°C, Voc=5.0V+0.5V, See notes 1,2) 


-6 -7 -8 
Parameter Units | Notes 
Min| Max | Min] Max | Min; Max |. 


Random read or write cycle time 110 130 150 ns 
Read-modify-write cycle time 155 185 205 | ns 

Access time from RAS 50 60 70 80] ns | 3,4,11 
Access time from CAS 13 15 20 20| ns | 3,45 
Access time from column address 25 30 35 40| ns 3,14 
CAS to output in Low-Z 0 0 0 ns 3 


Output buffer turn-off delay torr 13 0 15] 0 20 0 20] ns 7 


Transition time (rise and fall) 3 50 3 50 3 50) ns 2 


RAS precharge time Ea: 40 50 60 ns 
RAS pulse wiath 10,000 | 70| 10,000 | 80| 10,000| ns 
RAS hold time 13 15 20 20 ns 
feasts ______item | |_| 70 20 | ns 


CAS pulse width 13 | 10,000 10,000 20| 10,000 | 20} 10,000| ns 
RAS to CAS delay time 20| 37| 20 20| 50| 20| 60/ ns | 4 


RAS to column address delay time 15 15 | 35 | 15 | 40| ns 11 
CAS to RAS precharge time 5 5 ns 
Row address set-up time | _o| 0 0 ns 


<= 
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CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter Symbol — 4 : ze ce Units | Notes 
| Min Min} Max | Min} Max | Min| Max 
Row address hold time tRAH 10 10 10 10 ns 
Column address set-up time tasc 0 0 0 0 ns 
Column address hold time {CAH 10 10 15 15 ns 
Column address hold time referenced to RAS taR 40 45 55 60 | ns 6 
Column address to RAS lead time tRAL 25 30 35 | 40 ns 
Read command set-up time tRCS 0 0 0 0 ns 
| Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 
Read command hold time referenced to RAS tRRH 0 0 0 0 ns 
Write command hold time tWCH 10 10 15 15 ns 
Write command hold time referenced to RAS twcr | 40 45 55 60 ns 6 
Write command pulse width twp 10 10 15 15 ns 
Write command to RAS lead time trwL | 15 15 20 20 ns 
Write command to CAS lead time tCWL 13 15 | 20 20 ns 
Data set-up time L tps 0 0 | 0 0 ns 10 
Data hold time tDH 10 10 15 15 ns 10 
Data hold time referenced to RAS toHR | 40 | | as] | ss] sdf | Ss] os | | 
Refresh period (Normal) ter | | 8d. 64 64 64| ms 
Refresh period (Low power & Self Ref) tree | | 128, 128 128 128| ms 
Refresh period (Super Low power) tREF || 256| 256 256 256 | ms 
Write command set-up time twcs 0 0 0 0 ns 8 
CAS to W delay time town | 36 40 50 50 ns 8 
RAS to W delay time trwo | 73 85 | 100 110 ns 8 
Column address to W delay time tAWD 48 55 65 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR | 10 10 10 10 ns 
CAS hold time (CAS-before-RAS refresh) tcuR | 10 10 15 15 ns 
RAS to CAS precharge time |_ tRPC 5 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) tcept | 20 20 30 30 ns 
Access time from CAS precharge tCPA 30 35 40 45] ns 3 
Fast Page mode cycle time tPc | 35 40 45 50 nm | | 
Fast Page mode read-modify-write cycle time tprwc| 76 85 100 105 ns 
CAS precharge time (Fast Page mode) tcp 10 10 10 ns 
RAS pulse width(Fast Page mode) trasP | 50 | 200000} 60 200000) 70 | 200000| 80 | 200000| ns 
RAS hold time from CAS precharge trHcp | 30 35 40 45 ns 
OE access time tOEA 13 15 20 20| ns 
OE to data delay toe | 13 15 20 20 ns 
Output buffer turn off delay time from OE tOEZ 0 13 0 15 0 20 0 20} ns 
OE command hold time tOEH 13 15 20 20 ns 
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CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 


W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 


RAS pulse width (C-B-R self refresh) 


RAS precharge time (C-B-R self refresh) 
CAS hold time (C-B-R self refresh) 


ns 

ns | 
10 ns | 
100 us | 15 
150 ns 15 


TEST MODE CYCLE (Note.12) 
-5 -6 -7 -8 
Parameter Symbol Units | Notes 
Min}; Max | Min| Max | Min| Max | Min| Max 

Random read or write cycle time tRC 95 es. 115 135 155 ns 
Read-modify-write cycle time tawc | 138 160 190 L oe ns 

Access time from RAS tRAC 55 65 75 85} ns | 3,4,11 
Access time from CAS tcac 20 25 25| ns | 3,4,5 
Access time from column address tAA 35 40 45) ns 3,11 
RAS pulse width tRAS 55 | 10,000] 65] 10,000) 75] 10,000} 85) 10,000} ns 

CAS pulse width tCAs 18 | 10,000) 20] 10,000} 25) 10,000} 25 10,000) ns 

RAS hold time th | 18| | 20 25 25 ns 

CAS hold time = tcsH | 55 65 75 85 ns 

Column address to RAS lead time tRAL 30 35 40 45 |_ns 

CAS to W delay time tewo | 41 45 55 55 ns | 8 
RAS to W delay time trwo | 78 90 105 115 ns 8 
Column address to W delay time tawo | 53 60 70 75 ns 8 
Fast Page mode cycle time tPc 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time | tprwc} 81 90 105 110 ns | 

RAS pulse width (Fast Page Mode) trasP | 55 | 200,000) 65 | 200,000] 75 | 200,000; 85 | 200,000) ns 

Access time from CAS precharge {CPA 35 40 | 45 50| ns 3 
OE access time tOEA 18 [20 25 25| ns 

OE to data delay toep | 18 20 25 25 ns 

OE command hold time ns 


se” 
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KM48C2000A/AL/ALL/ASL 


CMOS DRAM 


NOTES 


1. An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads 
and 100pF 

4. Operation within the trcp(max) limit insures that 
tRAc(max) can be met. trcp(max) is specified as a 
reference point only. If trcp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that trcp > tRCb (max). 

6. tar, twcr, tDHR are referenced to tRAD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VOH or VOL. 

8. twcs, tRwb, tcwbd and tawD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. tf twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwo> 
trRwp(min) and tawp > tawp(min), then the cycle is a 


TIMING DIAGRAMS 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. ° 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


. Operation within the trao(max) limit insures that 


trRac(max) can be met. tRAD(max) is specified as a 
reference point. only. If tRaD is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of trac, taa, tcac 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 


. torF(max) and toez(max) define the time at which 


the output achieves the open circuit condition and 
are not referenced to output voitage level. ~~ 


. 4096 cycle of burst refresh must be executed 


within 64ms before and after self refresh, in order 
to meet refresh specification. 


tRCH 


READ CYCLE 
RAS Vin— 
Vit— 
a Vip— 
CAS Vi— 
A ViH— 
Vit= 
= tH— PVYVYYVYVYVYYYY YY 9 
w Ve KY 
— -taa 
ao Vin— YYYVYYYAYWYVY#W”#W”#”J”XY”XY”P”JP9W” 
FE ROR RS 
— trac 
VoH— 
DQ,-DQg vo OPEN 


RAV VYVVV/VY VY Y¥VY~(IJVJ@W@yW@VWVW¥VW¥VW¥VW¥V°W~W¥VWY“vV#Y” 
ISSIR IKK 


torr 


VALID DATA-OUT 


KX] DON’T CARE 


ti” 
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KM48C2000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY WRITE) 


— Vin— mes + = 
RAS tar eats 
Vit— 
=| aH 
trop +— tRSH 


am ViH— 
Vit— 
tase 


|_____ 
ViH— WAVY KKK aN 
; vi OM aooressP KYM SOME os RXR 


a lives 


ies 
a 


= Vip— y, (Y YX YY YY , 
: vi XXXAAXXXXNKRE un BA RRR 
twcor 
: tRWL ==] 

as Viq— y ¥ X) XX Vy, 
OE Vie TR RRR KKK 

- tbHR 

tos ei tou 


Viq— 
DQ;-DQs Vi { VALID DATA-IN J OPEN =e 


WRITE CYCLE (OE CONTROLLED WRITE) 


ViH— 


ViL— 


: bh tcsH a 
CRP 
+ trep tRSH — 


=< ViH— 
CAS ae es Sea = 
tasR | | tray RAL 
IH—- A/VVV — = \/ / (YX \/ 
. Ven RK BSthess KK _ SSRN WRI or ORR RR) 
ay 
=~ ViH— 0 WV 0 XY) X) VV 
y Wa OR RXR — 0 AY BR NK 
|toeH 
<< 
ViH— AIIYUIY IVY VV VV 7 0 YX 0 v, 
oe Va RORY RK ORR 
toH 
ee ORK. vaLin oarain KAN YKX 


KY] DON’T CARE 
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CMOS DRAM 


TIMING DIAGRAMS (continued) 


READ-MODIFY-WRITE CYCLE 


t~ trwe SESS ee 
rS tras tap 
— Viq— owe te A as es 
RAS Vi— 
tere} eee a eee ~ | 
cer Mi ns trep a Bae | ~~ tRASH-— 
Vit— | f 
tasr | |tRAH tasc Panes 
Vin— AD BOW ; v) , PY AAAAA/VVJVYYVYNAAJSVAAAADAAA/YV 
. va SepKADoREsS KA RoBRESS KRONA 
fee pe eet tall ty 
—- tRAD=4 = tcwo: — = — tcwL 
= ice trwo = tRWL a 
Ww ViH— | AION VOI 
Vv {tt taa \ ae OAK 
toEA 
aaa Vip—- AASV YYVAAPAIYDDIV VV 
OE Ve RXR _| os 
tcac tos | \_ me 
aac tract 
VilOH — Y A, WY VX KV VV 
ee Minas A Sieour RR _ Saimin RRR XY 


FAST PAGE MODE READ CYCLE 


tre 

ts trasp — 
RAS m tar 

Vit— 

t, 
tcorp ARC —— tRSH 

. po trco— top 
— iH#— CAS 

a tRaD \\ 

—~—H- tra. ——~4 
tasr tRAH sels acl tasc] | tcaH 

+ TENTEPSGEK SRAREE HOEERRN TSS HORM SEES NOIOROIN 

Vi A OMA ADDRESS WYXXXXM ADDRESS AXXAXKX A. ADDRESS XXXXKYKX XA 

feof [teal ier a 
WwW IH — \XX XXX XY "4 VAG eXXXY XY’ 

Vit— Y YY || V V tRRH OO 

taa——4 
CPA ii é 
i Vip— YY YY 0 0:66, XXX XY) XY YYVVV/YVYY) oie YY VYVYV/V/YV 
OE Vi KRXKK KKK | RR | AYN] ARR 
tRAC torr 
a = Se | ba 
Vou— YY VALID SA//VALID Vv 

coven CED ee) CE es EO 


DON’T CARE 


KX 


‘i? 


ELECTRONICS 


61 


KM48C2000A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
eae 


tRe 
tRASP 
RAS taR 


aes | trasH——_— 


torp | : 
|+— trep-— top 


CAS ; \\ tcas . tcas——] \ tcaS [/ 


bh tcsH : tRAL 
eS - tRAH | tcaH tasc |) tcaH ee 
he ASC | | ‘tasc| | tcaH | 


; Na £50 RX sooness NN. S508 PRON, Aoomess KMAIAY) 


‘trap | 
— 


| towt | twos; toww——— twos TH tow. 

i. ices | |_ wen tWCH tawL——+H 
2 ve"aTaaVava’avara’ 2 VYVYVY | twe APTN) WIVVIVVYVVVUVY 
w PT SAR FRAN re BS 
-_ LIV V VV V VV RRL V LV KLE VV VV VV KV VV VV 
OE RRR aK RK KR RIAA 

tps ere tos |! ton tos | tou 
(pete 
VV YVVVVY VVVVY 

001-005 OK VAX 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


tre 
—— — - trasP a 
RAS \ ( 1 
1}. te¢sH ———___—} 
|+————tprwe rea] ae ARGH a 
| trcp tcas —— sa eae tcrp 
tcas- 
CAS L100 INN // 
tRAH i 
tase | i noe els tasc i ve 
Z b— n tCAH 
| ' 
ROWKAE COL WAKXXKXK I COL N/KKYKANAN SOL WXXXXKKXXKKAKKKKARAN 
A ABBA x5 ORYKXLKON, 805 KRY, 200 KR R RRR 
ears - trwo | | | - tawi—| 
RCS t —H tow. | 
= t-—— tcwo towp tow aioe ee 
— XXXXXY é 
w OXY) | tawpb A tawo Y -t— tawo 
twe twe|__ twp — 
L tas Us wP 
toEA_ , 
OE { 
tcac 
trac —— 


DQ,-DQs wy uy K 
xX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


RAS 
CAS 


Nase tRAH 
nT AIIRRRX nw ano KNX N RRR 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


RAS 


CAS 
| 


torr 
VuioH — ‘ 
DQ,-DQg Viiou = , OPEN een ee ce 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


RAS Vin 
Vit — 
= ViH — 
LCAS 
ViL— 
VoH — 
DQ,-DQs 


XX DON’T CARE 


<= 


ELECTRONICS 


KM48C2000A/AL/ALL/ASL 
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TIMING DIAGRAMS 6 continued) 
HIDDEN REFRESH CYCLE (READ) 


es tras tre tRAS tre 
—— ViH— 
RAS hae tar 
tore I |. —-- trob = trsH tcHR 
tasr iH al [ BL 
Vin- wr AIVYVVV VOY VV VY VV YY VV VV VV 
» ee AUR REWER DANI XKNAKXOAXXKO KOO KNAXXNIY 
; tres m7 tRRH 
= Vin— YAWYYVVVq II AIV VV VV VV VV VV VV VY 
Waa RYT CAAA XARA 
a Vin AAAAIVVYVVVV VV VY | WV VYVVVV VV VY VY VV/ 
Fv XXXXXXXKKO URS OXKXXXXXKKAXKK 
torr 
DQ,-DQs YOHT 


VALID DATA-OUT y 


. = SIRO 
DN LRN 
ce SERRE SUES ERR ERERREERY 
< ar NIE 
be teu XX DON'T CARE 
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KM48C2000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 6 ontinueq) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


RAS 


+ tCHR tcpr— | tRsH 
2 > -—f} 
tRAL 

Vid—  WAAAKAATIIKRARA RAIA ¥,VAVAVAVAVAVAYAVavaVAVaVAVa¥a¥ ¥A"avaNa"a’avava'a’ 
RAIMA Aoomess RRA) Hannon i 
= Vin— DAIAAKKKKARIAIAAR AAA | VY 
Tv INKY XXXL 
<= ViH— VYVVVVYYVYWVV\A ASV VY ADJ /VYV\A/ Ww YYYY YY WYYY YY XY 
OE vce TORK ARK 

toz | a torr 
DQ,-DQ, aes a GEN \) VALID DATA-OUT 
WRITE CYCLE eh = 
_ ViH— ALAAN\AAAAAAIAAAAAAT\A? twes| [ oo : YY YYVYYYY YY YY VV VV 
Wa QO | AXXO LAAN 
Vip— AAA/VVVVVIVVVVYVVY VY VV VY VWVVVY YW VV VY VVYYV VV VY VVIV/VV VV VVVYVV/ 
a BOAO OOO AAXAKAXIK 
DQ,-DQs ie es OPEN ( VALID DATA-IN 
READ-MODIFY-WRITE — ta ee 
= Vip— VAV VA AYA /VVVV/VVV VV V9 WP lV VVVA/VVVJVVY 
WV ROKK Ltt KOK YOY 
Vie— ARAWIYYIVYASVYAAYYYVYVV VY VV V\ [HOE 
FE RRR | 7 tre 
toez tps| | toH 


tow Te | 
VuioH— VV (M7 VALID 
DQ,-DQ XX! INP 
ces Viot= X) (Y\_ DATA-IN 
VALID __/ 
DATA-OUT 


KX DON’T CARE 
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KM48C2000A/AL/ALL/ASL | CMOS DRAM 


PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 0.027(0.69) 
0.730(18.54) | MIN 
eee eee eee 


a|a cle 8/9 
pid poe S|S aye 2|% 
o]|o NO O19 TIE 
ea) DD 

a oxTe) wo Dl 
Dla LIS BIR BIS 
ols o|IN Sig ait 
o1¢9 Ol yt ht 
ape O19 S819 Clo 
o|° oR To) 


| 


0.140(3.56) 
0.148(3.76) 


oO 0.004(0.1) 


0.050(1.27) 
MAX 


ao1s.4n) | | 0.050(1.27) 
0.020(0.51) TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.740 (18.80) 0.03 © mee 80) 


0.402 (10.21) 
0.459 (11.66) 
0.466 (11.86) 


Q.398 (10.11) 
0.423 (10.76) 


0.037 (0.95) 
0.726 (18.46) 0.041 {0.041 (1.08) 05) 


0.005 |__ 0.008 10.13 13) 
"0.722 (18.36) — 0.008 (0.20) 


(S] oo wax] 


0.037 (0.95) 0.048 (1.22) a Bai 0.016 (0. wo) 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) 
0.024 (0.60) 
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ELECTRONICS 


KM48C2100A/AL/ALL/ASL 


CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 


tRAC tcac | tre 


KM48C2100A/AL/ALL/ASL-5 | 50ns 18ns 90ns 


KM48C2100A/AL/ALL/ASL-6 | 60ns 15ns_ | 110ns 


KM48C2100A/AL/ALL/ASL-7 | 70Ons 20ns | 130ns 


KM48C2100A/AL/ALL/ASL-8 | 80ns 20ns | 150ns 


» Fast Page Mode operation 

« Byte Read/Write operation 

+ CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 
« Double+5.0V+ 10% power supply 

* 2048 cycies/32ms refresh (Normal) 


« 2048 cycles/128ms refresh (Low power & Self Ref.) 


* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 
« Available in plastic SOJ and TSOPi(Il) 


FUNCTIONAL BLOCK DIAGRAM 


GENERAL DESCRIPTION 


The Samsung KM48C2100A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bit x8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48C2100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48C2100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Ves Generator 


Control Vcc 


Refresh Timer 
pe I 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


AO~A10 


AQ~A9Q 


Row Decoder 


Memory Array 
2,097,152 x 8 


Column Decoder 


Data in 
Buffer 


Cells 


Sense Amps & |O 


Data out 
Buffer 
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KM48C2100A/AL/ALL/ASL 


CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM48C2100 AJ/ALJ/ALLJ/ASLJ 


* KM48C2100 AT/ALT/ALLT/ASLT 


1 
2 
3 
4 
5 
6 
7 
8 
9 


° 


* KM48C2100 ATR/ALTR/ALLTR/ASLTR 


Pin Name Pin Function 
Ao-A10 Address Inputs 

DQ1~8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 
CAS Column Address Strobe 
Ww Read/Write Input 

OE Data Output Enable 
Vcc Power(+5V) 


aaah 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on Any Pin Relative to Vss 


Symbol 


Vin, VOUT 


-1 to + 7.0 


Short Circuit Output Current 


* 


los 


50 


Voltage on Vcc Supply Relative to Vss Vcc -1to + 7.0 Vv 
Storage Temperature Tstg [ -55 to + 150 °C 
Power Dissipation Pp 1 W 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


‘i 


ELECTRONICS 


Parameter Symbol! 
Supply Voltage 
Ground Vss 
Input High Voltage VIH 2.4 = Vec +1 
Input Low Voltage 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol} Min | Max | Units 
KM48C2100A/AL/ALL/ASL-5 110 mA 
Operating Current* KM48C2100A/AL/ALL/ASL-6 ies - 100 mA 
(RAS and CAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA 
KM48C2100A/AL/ALL/ASL-8 80 mA 
KM48C2100A 2 mA 
Standby Current KM48C2100AL ‘cess 7 1 mA 
(RAS=CAS=W=V ) KM48C2100ALL 1 mA 
KM48C2100ASL 1 mA 
KM48C2100A/AL/ALL/ASL-5 110 mA 
RAS-Only Refresh Current* KM48C2100A/AL/ALL/ASL-6 ised 7 100 mA 
(CAS=Vin, RAS Cycling @ trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA 
KM48C2100A/AL/ALL/ASL-8 80 mA 
KM48C2100A/AL/ALL/ASL-5 90 mA 
Fast Page Mode Current* KM48C2100A/AL/ALL/ASL-6 iaea 7 80 mA 
(RAS=ViL, CAS, Address Cycling @ tec=min.) KM48C2100A/AL/ALL/ASL-7 70 mA 
KM48C2100A/AL/ALL/ASL-8 60 mA 
KM48C2100A 1 mA 
Standby Current KM48C2100AL ise : 300 uA 
(RAS=CAS=W=Vcc-0.2V) KM48C2100ALL 200 LA 
KM48C2100ASL 200 BA 
KM48C2100A/AL/ALL/ASL-5 110 mA 
CAS-Before-RAS Refresh Current* KM48C2100A/AL/ALL/ASL-6 (aes - 100 | mA 
(RAS and CAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA 
KM48C2100A/AL/ALL/ASL-8 80 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin}=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V CAS=CAS-Before-RAS LOGE! Icc7 - abe an 
Cycling or 0.2V Din=Don't Care Trc=62.54S(L-Ver.) is 
125xS(SL-Ver.), Tras < 300ns 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continue) 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Self Refresh Current 
RAS=CAS=0.2V 
W:=OE=Ao-A10=Vcc-0.2V or 0.2V 
DQ1-DQ8=Vcc-0.2V, 0.2V or Open 


KM48C2100ALL Iccs - 300 HA 


Input Leakage Current 


(Any input 0< Vin <Vcc+0.5V, all other-pins not under test=0 volts.) Iu Bas 18 a 
Output Leakage Current 


low -10 10 A 
(Data out is disabled, OV<VoutT<Vcc) ” . 
Output High Voltage Level (loH=-5mA) VOH 2.4 - V 
Output Low Voltage Level (loL=4.2mA) Vot - 0.4 Vv 


*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE cta-25°c, Voc=sv, f=1MHz) 


Parameter 

Input Capacitance (Ao~A10) 

Input Capacitance (RAS, CAS, W, OE) 

Input Capacitance (DQ1-DQs) 

AC CHARACTERISTICS °c <1a<70°C, Vec=5.0V+ 10%, See notes 1,2) 
-5 -6 -7 -8 
Parameter Symbol 7 Units | Notes 
Min| Max | Min} Max | Min| Max | Min| Max 
Random read or write cycle time tRC 90 110 el 150 ns 
Read-modify-write cycle time trwc | 133 155 185 205 ns 
as + oe 
Access time from RAS tRAC 50 60 70 80} ns | 34,11 
a ae 
Access time from CAS tCAC 13 15 20 20] ns | 3,4,5 
a + ——t 
Access time from column address a5) tAA 25 30 35 40| ns 3,11 | 
CAS to output in Low-Z tcLz 0 0 0 0 ns 3 
es 
Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20) ns. 7 
Transition time (rise and fall) tT 3 50 3 50 3 50 3 50| ns 2 
| 

RAS precharge time tRP 30 ie 50 60 ns 
RAS pulse width tras | 50} 10,000 : 10,000 | 70 | 10,000 | 80) 10,000; ns 
RAS hold time tAsH | 13 20 20 ns 
CAS hold time tesH | 50 70 80 = ns 
CAS pulse width tcas 5 10,000 ra 10,000 | 20 | 10,000 | 20) 10,000] ns 
RAS to CAS delay time trcp | 20 20 50 | 20 60} ns 4 
RAS to column address delay time tRAD 15 rs ‘I 15 35} 15 40 | ns 11 
CAS to RAS precharge time |_ tore 5 5 5 ns 
Row address set-up time tASR 0 -s 0 0 a ns 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (continued) 


-5 -6 -7 -8 
Parameter Symbol ie Units | Notes 
Min| Max | Min] Max | Min| Max | Min) Max 
Row address hold time tRAH 10 10 10 10 _| ns 
; ol T i 
Column address set-up time tasc 0 0 att 0 0 ns 
Column address hold time tCAH 10 10 15 Ie it 15 ns | 
Column address hold time referenced to RAS taR 40 45 55 60 ie 6 
Column address to RAS lead time tral | 25 30 35 40 ns 
Read command set-up time tRCS 0 0 0 0 | ns 
| Read command hold time referenced to CAS tron | 0 0| 0 o| ns 9 | 
Read command hold time referenced to RAS tRRH 0 0 0 0 ns 
Write command hold time tWCH 10 10 15 | = 15 ns 
Write command hold time referenced to RAS twer | 40 45 55 60 ns 6 
Write command pulse width twp 10 10 | 1 15 ns 
Write command to RAS lead time tawe | 15 15 20 {| 20 EG ns 
| Write command to CAS lead time tow. | 13 15 20 20 ) ns 
Data set-up time tos 0 0 0 0 ns | 10 
earn t— is 
Data hold time {DH 10 10 15 15 ns 10 
Data hold time referenced to RAS tDHR 40 st 45 55 60 ns 6 
Refresh period (Normal) tREF 32 32 32| ms 
Refresh period (Low power & Self Ref.) tREF 128 128 128) ms 
Refresh period (Super Low power) tREF | | 2s6| 256 256 256 | ms 
Write command set-up time twcs 0 0 0 0 ns 8 
CAS to W delay time tcwo | 36 40 50 50 | _ns 8 
RAS to W delay time trwo | 73 85 100 | 110 ns 8 
= T 
Column address to W delay time tAWD 48 56 65 70 | ns 8 
CAS set-up time (CAS-before-RAS refresh) tesa | 10 10 10 10 ns 
CAS hold time (CAS-before-RAS refresh) tcHR | 10 10, 15 15 |_fs 
RAS to CAS precharge time tRPC 5 5 5 5 | ns 
CAS precharge time (C-B-R counter test cycle) tcpt | 20 20 ii. 30 30 | _ns 
Access time from CAS precharge _|_ tora 30 a 36 | | 40 45| ns | 3 
Fast Page mode cycle time |_ tec 35 40 45 50 i ns 
Fast Page mode read-modify-write cycle time tprwc| 76 85 Le 100 105 ns if 
| CAS precharge time (Fast Page mode) tcp 10 10 10 10 [ns 
RAS pulse width(Fast Page mode) tRASP 4 50 | 200000} 60 | 200000| 70 | 200000; 80 | 200000/ ns | 
RAS hold time from CAS precharge tec | 30 35 | 40} | 45] | ns 
OE access time tOEA 13 15 peat 20| ns 
OE to data delay toeD | 13 15 20 20 ns 
= t t— — t 7 
Output buffer turn off delay time from OE tOEz 0 13; 0 15 0 20 0 20] ns 
—F 
OE command hold time toeH | 13 15 20 20 ns 
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KM48C2100A/AL/ALL/ASL | CMOS DRAM 


AC CHARACTERISTICS (continued) 


Parameter eeae 
Min| Max | Min} Max | Min} Max | Min) Max 


Write command set-up time (Test mode in) twTs 10 10 10 a ns 
Write command hold time (Test mode in) Tem 10 10 10 | 10 al 7] 
W to RAS precharge time (C-B-R refresh) | twrP | 10 10 10 10 | ns 


W to RAS hold time (C-B-R refresh) 


Units | Notes 


RAS pulse width (C-B-R self refresh) tRASS } 100] | 100 100 100 US 15 
RAS precharge time (C-B-R self refresh) tres _| 90 130 [es 150] | 15 
CAS hold time (C-B-R self refresh) tcxs | -50 -50 -50 -50 ns 15 
TEST MODE CYCLE (Note 12) 
Parameter Symbol = a —- : ie Units | Notes 
Min Max | Min| Max | Min| Max 
Random read or write cycle time tRC 95 135 155 ns 
ee time we 138 190 21 oe 2. ns e 
Access time from RAS tRAC ‘aif 65 75 eg 85 08 3,4,11 
Access time from CAS a tow | 20} |_| 25} ns | 34,5 
Access time from column address tAA |__35 40 | 45; ns 3,11 
RAS pulse width tRAS 55 | 10,000 10000 | _ 75 | 10,000 85 | 10,000| ns 
| GAS pulse width igen 18 10,000} 25 10,000) 25/ 10,000 a 
RAS hold time trsH | 18 25 25 | ns 
CAS hold time eo | 55 75] | 25 | ws | 
Column address to RAS lead time |_tRAL 30 40 45 ns 
CAS to W delay time tcwo | 41 55 | yf a ns 8 
RAS to W delay time tRwD ia 105 115 ns | 8 | 
Column address to W delay time tawD 53 70 ths) ns 8 
Fast Page mode cycle time ~ | tPC | 40 le 50 L “I 55 | L fe | 
Fast Page mode read-modify-write cycle time tPRWC z 105 Ade ak | 
RAS pulse width (Fast Page Mode) trasp | 55 | 200,000 200,000} 75 | 200,000} 85 ome ns 
Access time from CAS precharge tCPA 40 45 50| ns 3 
OE access time lee 20 ii 25] ] 25 | ns 4 
OE to data delay tozp | 18 hee 4 20 25 25 ns 
OE command hold time torH | 18 | | 20 25 25 ns 
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M48C2100A/AL/ALL/ASL 


CMOS DRAM 


NOTES 


1 


[o>) 


. An initial pause of 200#s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 

. Measured with a load equivalent to 2 TTL loads 
and 100pF 

. Operation within the tRcp(max) limit insures that 
trRac(max) can be met. tRcD(max) is specified as a 
reference point only. If tacb is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

. Assumes that tRCcp > trop (max). 

. tar, twcr, tDHR are referenced to tRAD(max). 

. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to Vou or VoL. 

. twcs, tRwb, tcwbd and tawD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcowo>tcwo(min), tawo > 
tRwo(min) and tawp >tawp(min), then the cycle is a 


TIMING DIAGRAMS 


READ CYCLE 
Ras ViH— 
Vit— 
et 
oR Cs z 
Ve— AWOVYOYWYVG 
w Ven RRR ora ee 
Vie— VYVVVAA/VY V/V YY /VVA/VVVVY es | 
OF WR 15400402. 4L600000000500000000 90 
DQ,-DQ, aos OPEN 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRAD(max) limit insures that 
trac(max) can be met. tRAD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAC, taa, tCAc 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 


VY VVVJ/VV VVVVVY VY VV VVYV VV/\ ¥ 
ENON 


tRCH 


COSI 


DA/S/VJVAAA/V VY AA/S/MVV VV VY VV /Y 
IN I NY 


KX) DON'T CARE 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY WRITE) 
fess 


tre 
= tras ral trp 


oe Vin— 
RAS tar 
Vii— 


tcsH — 
— trcp tRSH 


Se Vin— 
a \A cas—Yf | 
t 
vi _ RAH Ei 
tasr tasc | téan | RAL} 
[ene oll 


tcrp 


Vin— FRAYWw5Y v AWVVYVVYYY YY VVYVY VV A AY) 
‘ vi ROO MASDREsS AKI SORES KRY 
Papi 4 tow. —| 
: Hucs twCH 
nr Vip— WYVVVVVVVVUVY WP VAVAV.WaVAVAV,W.V.VV.V.WAVAVAT AV AVAVAVAWAVAYAVAWAVAVAWAVAVAVAT.©® 
e vi ROXAS XX 
t 4twor 
tRWL ioeal| 
<= ViH— VYYVYVY XY XYYVYYYYVYVYVYYYYYVYYY YVY/AVYYVYYYVYVYVYYYVYYYYYYYVVYYYY Y YVVY Y, 
is Vi — BOOKMARK RRR KARA K KKK EKER RIKER RRR 
tpHR 


tos rae ton 
Viq— 
DQ,-DQs ViL— ( VALID DATA-IN ] OPEN eee 


WRITE CYCLE (OE CONTROLLED WRITE) 


tre 


ss tRAS tre 

ViH— 
tar 
RAS 

Vii— 

bose: tcsH 

| tcrp 
= trop 


— ViH— 
- nv m7, 
VviL— I trap ; 
— =I bana oF 
= CA 


A Va ROCKO BBhess KIX SSSREES HERRERA RRR 
| See 
: 1. TAC — RRR RRR 
|toen 
FE RRR RAO NNNOMONNRINOMONONS 
ton 
corsa, MN EEELIED UNO 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 


RAS 
Cas 
Yd 
R LNT AI I II 
vt paoonessAYA_aooRess DONA SKK 
Ww Vin— 2 | ve"aVaVsVavavavavataWare’: 
ve tly A GRR RKX 
oes 
= Vip— AYYWYVYYVYV/AIVVVYVYO VY YY 
Mi Vit— MY WY WY | toeD 
= mers ele 1oEz = re id 
VIIOH — \ 9, A WV AVY VYV 
Be sae Damour RR Darin DORKS 


FAST PAGE MODE READ CYCLE 


tre 
‘ — trasp — 
RAS _ Nees - tagan————| 
Vit— 


truce — 


tcrP Ba = jwe— tRSH—=} 
r-— trcp tcp 
CAS _ \\ ‘cas tcas t—- tcas { / 
L— 
tRAD inan ee 
t traH _tasc_| tCAH tcaH tasc] | tcaH 
ASR 
Pa 
‘ Vie— RR fron AY) RYKXK) COLOMN MALI 44 COCONN , [x RXKVKKKK) 
Vit— ay OW ADDRESS A OXY { aooress ) vy YW x) CEES OW 
t 
W - VY ¢ A 7 “ TWA RXXXK VW, 
ViL— YY l, tas ¢ tek tRRH ies XXX % 
‘CPA 
ot ViH—- YXV XK XX oVYVY 4 RY) RVVYVYYVY tOEA KX YVVWYYY) tOEA YY VYSAS//YV/ 
OF Vi XN | ARN | ARN | RRR 
t= trac ta toFF 
tez toez 
= Raa as 
Ware LYN _DATA-OUT (YA DATA-OUTY CA_DATA-OUT J 


XX DON’T CARE 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trp 
trasP — | 
RAS taR———_—, 


— cen tcp i “| ; a eel 
CAS | \\ tcas \—— tcas——} i saicee 7 ae 
pa tcsH | — tRAL 
tasR HPA Lac [a a tasc {CAH 
- Nah 580 AYA. saness AAONKYA KaaRels ARAYA. sooness XNA) 
= tRaD | 


i 


t 
ere twos CWL 
tWCH tRWL 


- twcs ! 
= VA VAVAvAVAVAVAVAVAY, VIVVUY TA | | | twee V. WaT AV AV AVAVAVAVAW,VAY 
w WOO: ASSET” ANE 
= XKKK KR YY KRY TRAV VYVVY ORK AYVY MY AA/YVYVVV YY YY V\VYJYV/VYVV VY YVVYW¥YA/YVW/V 
oe RRR RRR IRL RRR KK RIL KKK KKK OY 
\ me toH | tos | | toH tos | tbH 
Fae 
VYYYYVVX VAVAVAVA’, Val aVaVAVaVAVAVAVAVAVAV, 
00100 Cs GE Gio: RS 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


i= trasP - — 


RAS \ 
| | 


CAS 
tasr 
YVY Y VYVVYV VV YWYVVYYVYV VVVVY 
: XM KKK KEKE REX 
w RY 
OE 
DQ,-DQs 


XXX] con'T cane 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 6 continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


Vip— 


RAS ee 


ae ViH— 
CAS 


Vit— 


n AIAN now ano WIXI OOOO 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


RAS 


CAS 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


Viq 
Vit — 


Vit— 


DQ,-DQg 


«i 
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KM48C2100A/AL/ALL/ASL 


CMOS DRAM 


TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


RAS ue tar sf] 
Vit— 
tcorp i trop tRSH tcHR 
CAS ie tRab 
Vit— 
Viq— \/ 4 y N A/V VV V RIT IIT TTI vavavavavavaavavavavalal, 
; ve AA BRD YNC 8958885 DASARI RAR) 
-_ Vin- WIV PI AIVVYVVIVVVVVV ¥ VWYWVW$VYI I YYW IV IV IV PV 
00 A ONIN 
OKAY OIVV VAM YYYWVVYVYYVWV"¥¥V_V¥VJVJ/JY¥ WV 
mE SBN YKKKKKAXN PRAY CKNKY 
DQ;-DQg : 
HIDDEN REFRESH CYCLE (WRITE) 
— trac — 
— tRAS trp 7] 
ARS ViH— 
Vit— 
—— Vin— 
CAS vec 
ViH— AITYVVYVVYYYYYYVYY PV YY YY YY YW 
ae NENG 
= Vir— YAY YY YY YVY¥ VV YYW JY VWYW@V_”/#YWVW@I®@ WYW@ WJVY#JYW@#$YWY¥ WW@VWV#J7 
Fn OXON ERK KK KKK KKK 
7s ViH— YY VY VUVY VY VV VY YY PPV PY PV YOAV 
Fa KKK RRR OK KK) 
Viq— IVVVVYVY V Wavy, VaVaVAVAVAVAVaVA, 
Oar OY GOGGLES 
KM DON’T CARE 
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KM48C2100A/AL/ALL/AS CMOS DRAM 


TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


AAS ad 
7 ga: tcHR topT 
CAS ie 
ViH— VAM VAD AAADAAMANAAAA/V LUMN MAI W\AAS/Y\ AAAAAAAA/YV/Y VS/VV 
© ce ONKOL RORY AKIN 
READ CYCLE se nes | 
_ ViH— YA AAAA/SYVA/ YA AAA/\/V/9 | AV/\JV/ 
RNY UCANAUSUAONNUANUNNN + nL} | SO 
Vip— YWVVVYVYVVVVAASV/Y/VAYVYVYA ADAAS/YV\A/ 

oe Vie RRA 
WRITE CYCLE cages ho 
pee Vin— AD )VAAA\IALASIAA/ A/V VV JAYYJJIA/AA/VYV/ 
w sie ARK RRR) 

: -Vip— VVYV VV VV/VY VY VVYV VV VV VY VV VV VY VV VY VV VV VV VV VY VV VV VV VV 
oe ie IOI 

| tos 

DQ,-DQs, a OPEN 
READ-MODIFY-WRITE 
_ ViH— AAVLVA ADV AAA/\A/AVYV/ Vg ASIANA A/VVV 
w 1 RE OY YX 
—_ Vip— AI VVJV VAAN AADA\AA/SYA/AA AAV 
OE ie SERS 
vase, 


VALID “.__/ 
DATA-OUT 


kX DON’T CARE 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 
0.730(18.54) | | 
OOo ca os a ea oo 


0.027(0.69) 


0.365(9.27) 

0.375(9.53) 
0.435(11.05) 
0.445(11.30) 


0.395(10.03) 
0.405(10.29) 


0.008(0.20) 
0.01 2(0.30) 


= 


0.140(3.56) 
0.148(3.76) 


LILJLILICLJICIJLICILCIJCICS 
0.026(0.66) 
0.032(0.81) 


Sle 00a 7 


0.050(1.27) 
MAX 


0.016(0.41 | 0.050(1.27) 
0.020(0. oF TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.740 (18.80) 0.03 (0. ee 


=n 4 © | 
o[o o bat] (pa 
=le — =lE 
= |= = S| 
olin | 
alo 8 0/6 
3 |< 3 Babs 
clo So alo 


0.005 | _ 0.008 10:13 13) 


0.722 (18.36) 60ay Oss) 0.008 (0.20) 
(0.726 (18.46) ave [0044 (1.08) 05) 
A ee 


0.08 MAX 


0.037 (0.95) | 0.048 (1.22) | | 0.016 (0. wo} 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) | 
0.024 (0.60) 
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KM41V16000A/AL/ALL/ASL 


CMOS DRAM 


16M x1 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 


KM41V16000A/AL/ALL/ASL-7 


KM41V16000A/AL/ALL/ASL-8 


« Fast Page Mode operation 

- CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

- Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

* Common I/O using Early Write 

« Double+3.3V+0.3V power supply 

« 4096 cycles/64ms refresh(Normal) 

« 4096 cycles/128ms refresh(Low power & Self Ref.) 
+ 4096 cycles/256ms refresh(Super Low power) 

« JEDEC standard pinout 

* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


GENERAL DESCRIPTION 


’ The Samsung KM41V16000A/AL/ALL/ASL is a high 


speed CMOS 16,777,216 bitx 1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM41V16000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM41V16000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 


Ves Generator 


Refresh Timer 
po sy 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


AO~A11 


Row Decoder 


Memory Array 
16,777,216 x1 
Cells 


_ Column Decoder 


Data in 
Buffer 


Sense Amps & !O 


Data out 
Buffer 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (top views) 


* KM41V16000 AJ/ALJ/ALLJ/ASLJ = - KM41V16000 AT/ALT/ALLT/ASLT + KM41V16000 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 


J: 400MIL T : 400MIL(Forward) TR : 400MiL(Reverse) 


K : 300MIL S : 8300MIL(Forward) SR : 300MIL(Reverse) 
Pin Name Pin Function 
Ao-A11 Address Inputs 
D Data In 
Q Data Out 
RAS Row Address Strobe 
CAS Column Address Strobe 
Ww Read/Mrite Input 
Vcc Power(+3.3V) 

Vop Ground 
N.C. No connection 


<> 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


-0.5 ~ 4.6 


Voltage on Any Pin Relative to Vss 


Vin, Vout 


Voltage on Vpp Supply Relative to Vss Vpb | -0.5 ~ 4.6 | V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 W 


Short Circuit Output Current los 50 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter 


3.6 


Supply Voltage 


Ground Vss 0 0 0 V 
Input High Voltage VIH 2.0 _ VoD + 0.3 V 
Input Low Voltage 0.8 V 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


Parameter Symbol} Min | Max | Units 
ee Ee KM41V1 6000A/AL/ALL/ASL-6 80 | mA 
ARS eens Cont er KM41V16000A/AV/ALU/ASL-7 | Ic : 70 | mA 

Yeo KM41V16000A/AL/ALLIASL-8 | 60 | ma 

KM41V/16000A 2 | mA 

Standby Current KM41V16000AL 1s : 1 mA 
(RAS=CAS=W-Vin ) KM41V16000ALL 1 mA 
| KM41V16000ASL 1 mA 

jes : KM41V16000A/AL/ALL/ASL-6 80 | mA 
ie el es i) KM41V16000A/AL/ALLIASL-7 | Ics - | 70 | mA 
el Men epee tee KM41V'16000A/AL/ALL/ASL-8 60 | mA 
ce eek eee KM41V16000A/AL/ALL/ASL-6 70 | ma 
are CAS: Aides COR KMA1V16000A/AL/ALL/ASL-7 | — Icca : 60 | mA 
ai aes, Yeon eee KM41V16000\/AL/ALL/ASL-8 50 | mA 
KM41V16000A 1 mA 

Standby Current KM41V/16000AL i | 300 | HA 
(RAS=CAS=W=Vpp-0.2V) KM41V16000ALL 200 | vA 
KM41V16000ASL 200 HA 

ee 

rise em : KM41V16000A/AL/ALL/ASL-6 80 | mA 
CxS and GS died KM41V1G000A/ALV/ALLIASL-7 | Icce | - | 70 | mA 
OES KM41V16000A/AL/ALL/ASL-8 60 | mA 


es 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH)=Vop-0.2V 
Input Low Voltage (Vit)=0.2V CAS=CAS-Before-RAS Cycling 
or 0.2V Din=Don't Care Trc=31.254S(L-Ver.) 
62.54S(SL-Ver.), TRas=TRAS min.~300ns 


Self Refresh Current 
RAS=CAS=0.2V 

W=OE=Ao-A11=Vpp-0.2V or 0.2V 
D, Q=Vpp-0.2V, 0.2V or Open 


ea” 
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KM41V16000ASL 350 HA 
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DC AND OPERATING CHARACTERISTICS (continued) 
(Recommended operating conditions unless otherwise noted) 
Parameter Symbol| Min | Max | Units 

Input Leakage Current / : 
(Any input O< Vin <Vo0+0.3V, all other pins not under test=0 volts.) I 1 10 a 
Output Leakage Current 
(Data out is disabled, OV <VouT < Vpb) low) 10 ee EA 
Output High Voltage Level (loH=-2mA) VoH 2.4 - Vv 
Output Low Voltage Level (loL.=2mA) VoL - 0.4 Vv 


*NOTE: Icc1, Icc3, lcc4 and Icceé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE 1a=25°c, vop=3.3V, f= 1MHz) 


Parameter Symbol 
Input Capacitance (D) 7 
Input Capacitance (Ao-A11) CiN2 - 6 pF 
Input Capacitance (RAS, CAS, W) Cin3 - te pF 
Input Capacitance (Q) Cout - 7 pF 
AC CHARACTERISTICS (0°c <Ta<70°C, Von=3.3V+0.3V, See notes 1,2): 
Test Condition : Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 
Parameter Symbol zs a! ieee Units | Notes 
| Min | Max | Min | Max | Min| Max 
Random read or write cycle time a 130 150 | ns ime | 
Read-modify-write cycle time 185 205; ns 
Access time from RAS 60 | 70 80} ns | 3,4,11 | 
Access time from CAS 15 20 20] ns 3,4,5 
Access time from column address 30 | | 35 40 a 3,11 
CAS to output in Low-Z 5 5} ns 3 
Output buffer turn-off delay 15 O| 20 0 20| ns 7 
Transition time (rise and fall) 50 3 50 3 50 ah 2 
RAS precharge time 50 di 60 ns 
RAS pulse width 10,000 70 | 10,000 80 | 10,000 ns 
RAS hold time 20 20 ns 
CAS hold time 70| 80 ns { 
CAS pulse width 10,000 | 20 | 10,000 | 20 10,000; ns | _ 
RAS to CAS delay time 45} 20 50] 20 60; ns 4 
RAS to column address delay time 30 15 35 15 40; ns 11 
PAG Daa oh 2 i 
CAS to RAS precharge time 5 5 ns 
84 
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KM41V16000A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 


‘mba -6 “7 -8 

Parameter Units; Notes 
Min |. Max | Min; Max | Min| Max 

Row address set-up time tASR 0 0 ’ 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tasc 0 0 0 ns 

Column address hold time tCAH 10 [ 15 15 ns 

Column address hold time referenced to RAS tar 45 55 60 ns 6 
Column address to RAS lead time tRAL 30 i 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 ns 9 
Read command hold time referenced to RAS tRRH 0 0 0 be ns AS) 
Write command hold time twcH 10 15 | 15 ns 

Write command hold time referenced to RAS twcr 45 | 55 60 ns 6 
Write command pulse width twe 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time | tCWL 15 20 20 ns 

Data set-up time tbs 0 0 0 ns 10 
Data hold time tDH 10 15 15 ns 10 
Data hold time referenced to RAS tDHR 55 60 ns | 6 
Refresh period (Normal) ter | | 64 64 64| ms 

Refresh period (Low power & self Ref.) tREF | | 128 128 128; ms 
Refresh period (Super Low power) tREF | | 256 256 256; ms 

Write command set-up time twcs | o| 0 0 ns 8 
CAS to W delay time tcwo | 15 20 | | 20 ns 8 
RAS to W delay time tRwD 60 70 | 80; ns 8 
Column address to W delay time tawD 30 35 40 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 ns 

CAS hold time (CAS-before-RAS refresh) |_tcHR 10 15 15 ns 

RAS to CAS precharge time tRPC 5 5 5 ns 

CAS precharge time (C-B-R counter test cycle) tcPT 20 30 30 ns 

Access time from CAS precharge tcPA | 35 40 45] ns 3 
Fast Page mode cycle time tPc 40 45 | 50 ns 

Fast Page mode read-modify-write cycle time tprwe | 60 70 ths) ns 

CAS precharge time (Fast Page mode) tcp 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 | 200,000} 70 | 200,000; 80) 200,000; ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

Write command set-up time (Test mode in) twTs 10 10 10 ns 

Write command hold time (Test mode in) twTH 10 10 | 10 ns 

W to RAS precharge time (C-B-R refresh) twAP 10 10 10 ns | 
W to RAS hold time (C-B-R refresh) twWRH 10 10 10 ns 

RAS pulse width (C-B-R refresh) trass | 100 100 100 HS 15 
RAS precharge time (C-B-R refresh) taps | 110 130 150 ns 15 
CAS hold time (C-B-R refresh) tcHs | -50 -50 15 
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KM41V16000A/AL/ALL/ASL 


CMOS DRAM 


TEST MODE CYCLE (Note.12) 
-6 -7 -8 : 
Parameter sae ep I uae | ds Ma A Units | Notes 

Random read or write cycle time tRC 115 135 155 ns 
Read-modify-write cycle time trwc | 160 190 210 ns 

Access time from RAS tRAC 65 | 75 85} ns | 3,4,11 
Access time from CAS tcac 20 25 25! ns 3,4,5 
Access time from column address taA 35 40 45| ns 3,11 
RAS pulse width tRAS 65| 10,000} 75] 10,000) 85} 10,000} ns 

— ‘a 
CAS pulse width tcas 20} 10,000); 25); 10,000; 25) 10,000; ns 

RAS hold time tRSH 20 25 25 ns 

CAS hold time tCSH 65 75 85 ns 4 
Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwp 20 25 25 ns 8 
RAS to W delay time tRWD 65 75 85 ns 

Column address to W delay time 7 tawo 35 40 45 ns 8 
Fast Page mode cycle time tPC 45 50 55 ns 

Fast Page mode read-modify-write cycle time tpRwc} 65 78 80 ns 

RAS pulse width (Fast Page Mode) tRASP 65 | 200,000} 75] 200,000) 85/] 200,000} ns 

Access time from CAS precharge tCPA 40 45 50) ns 3 


NOTES 


1. An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 


proper device operation is achieved. 


2. ViH(min) and ViL(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 


assumed to be 5ns for all inputs. 


3. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


4. Operation within the trcp(max) limit insures that 
tRAC(max) can be met. tRcD(max) is specified as a 
reference point only. If tacb is greater than the 
specified tRcp(max) limit, then access time is 


controlled exclusively by tcac. 
5. Assumes that tacb > trcb (max). 


o 


. taR, twcR, tOHR are referenced to tRaD(max). 


7. This parameter defines the time at which the 
output achieves the open circuit condition and is 


not referenced to VoH or VoL. 


8. twcs, tRwD, tcwDd and tawD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcowo>tcwp(min), trwo > 
trawp(min) and tawp > tawo(min), then the cycle is a 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

. Operation within the trap(max) limit insures that 
tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

. These specifications are applied in the test mode. 


13. In test mode read cycle, the value of trac, taa, tcac 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

. toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. , 

. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 
READ CYCLE 
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KM41V16000A/AL/ALL/ASL 


CMOS DRAM 


TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS continue) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp tre 


Vin — 
RAS tar 
Vir = 


<< 


— Va = tcas 


tcp tas 


CAS tcas Vf. 
el Ey 
tasr 
Vin ‘) XD race » Beas 
Ay ate SSoRES DD C XK XL SEER KY) 
Ww Mine te VV ‘ oO il J 
Pe ORR TT TAT mi LKR 
pet A ) 


rsa ee 
0 ve KL in, PRK Stn ASN cin DRE 


tour 


FAST PAGE MODE READ-WRITE CYCLE 


— . trasP ie 

ns Vi 

eat Bae ape ae 
e SE 

tasr 1 
: — KS KY LE RO a ae aS E OSI 

teao all es ae | ee 

ayy Th 


XXX c/a 


0 RY Senn Gia Root FO KOS 


trac topa 


~ Von — ; 
) VALID " VALID 
_ 4 i a a: 
ol — 
: teiz torr teLz 
KY DON'T CARE 


ELECTRONICS 


KM41V16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don't care 


RAS ie 


ee Vin— 
CAS 
Vit— 


ie SR| |tRAH 
» AAG now 200 XNA XMXKO OOK) 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don'’t Care 


RAS 


CAS 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continueg) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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CMOS DRAM 


TIMING DIAGRAMS (continuea) 


TEST MODE IN CYCLE 
Note: D, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM41V16000A/AL/ALL/ASL is the RAM organized 
16,777,216 words by 1 bit, it is internally organized 1, 
048,576 words by 16 bits. In “Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao, A1, A1o and A11 are not 
used. If, upon reading, 16 bits are equal (all “1"s or "O"s) 
the Q pin indicates a "1". 

If they were not equal, the Q pin would indicate a "0". In 
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tour 
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XX 
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RY DON'T CARE 


"Test Mode", the 16M DRAM can be tested as if it were 
a 1Mx1 DRAM. W, CAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into “Test Mode". And 
"CAS-BEFORE-RAS REFRESH CYCLE" or “RAS-only 
Refresh Cycle" puts it back into "Normal Mode". The 
“Test Mode" function reduces test time (1/16 in cases of 
N test pattern). 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (S0OMIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


0.295 (7.49) 
0.305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 


0.670 (17.02) _ 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


I 


0.050(1.27) 0.015(0.38) 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 
0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 
TYP 


0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 

0.359 (9.12) 
0.367 (9.32) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 


0.008 (0.20) 


[CI 0.003 (0.08) a 


_ 0.048 (1.22) 0.012 (0.30) | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) z | 
0.024 (0.60) 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


7 0.025(0.64) 
MIN 


0.430(10.90) 


0.380(9.65) 
*0.445(11.30) 


i 


0.360(9.10) 


0.400(10.16) 


| 0.008(0.20) 


ee et 


| 


0.144(3.66) 


ee 
fare veer 


MAX 


0.725(18.42) 


CY 0.004(0.1) | 


0.050(1 zn} 4 
TYP 


_ cca 
0.032(0.81) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


: 0.015(0.38) 
0.021(0.53) 
0.050(1.27) 

MAX 


0.03 (0.80) 


TYP 
—- 


0.723 (18.36) 
0.727 (18.46) 


0.005 (0.13) 
0.008 (0.20) 


| L 0.048 (1.22) .0.012 (0.30) [ 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) | 
0.024 (0.60) 


IOI 0.008 (0.08) 
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KM44V4000A/AL/ALL/ASL 


CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


* Performance range: 


P| ttc | tone | tre | 
ROR RLALLASIS | |_| OS | 
KM44V4000A/ALV/ALL/ASL-7 | 70ns | 20ns | 130ns | 
KM44V4000A/AL/ALL/ASL-8 | 80ns | 20ns | 150ns | 


« Fast Page Mode operation 

» CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

* TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

* Double+3.3V +0.3V power supply 

* 4096 cycles/64ms refresh (Normal DRAM) 

¢ 4096 cycles/128ms refresh (Low power & Self Ref.) 
* 4096 cycles/256ms refresh (Super Low power) 
« JEDEC standard pinout 

* Available in plastic SOJ and TSOPi(II) 


FUNCTIONAL BLOCK DIAGRAM 


GENERAL DESCRIPTION 


The Samsung KM44V4000A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bit x 4 Dynamic Random 
Access Memory. !ts design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44V4000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V4000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


AS 
Lo Control Vop 
CAS Clocks Vss 
: 


Refresh Timer 


Refresh Control 


Refresh Counter 


Row Address Buffer 


Col. Address Buffer 


AO~A11 —b— 


A0~AQ 


Column Decoder 


Data in 
Buffer 


fo) 
o DQ1 
Memory Array & to 
4,194,304 x4 <x DQ4 
Cells B 
o 
o 


Data out 
Buffer 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


« KM44V4000 AJ/ALJ/ALLJ/ASLJ * KM44V4000 AT/ALT/ALLT/ASLT +» KM44V4000 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 


J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 


Pin Name Pin Function 
Address Inputs 

DQ1~4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

Ww Read/Write Input 

OE Data Output Enable 

Vpb | Power(+3.3V) 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 
Voltage on Any Pin Relative to Vss Vin, VouT -0.5 ~ 4.6 V 
Voltage on VpD Supply Relative to Vss Vbp -0.5 ~ 4.6 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 W 
Short Circuit Output Current | tos S| 50 mA 


* 


Parameter 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 
Ground Vv 
Input High Voltage Vop + 0.3 Vv 
Input Low Voltage — 0.8 Vv 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol; Min | Max | Units 
Operating Current” KM44V4000A/AL/ALL/ASL-6 
ne : ; KM44V4000A/AL/ALL/ASL-7 Icc1 - 70 mA 
(RAS and CAS Cycling @trc=min) KM44V4000A/AL/ALL/ASL-8 60 | mA 
KM44V4000A 
Standby Current KM44V4000AL (aes ; 1 mA 
(RAS=CAS=W=Vi ) KM44V4000ALL 1 mA 
KM44V4000ASL 1 mA 
Ske is KM44V4000A/AL/ALL/ASL-6 80 mA 
svn, sgl rs keer ’ KM44V4000A/AL/ALL/ASL-7 ices : 70 | mA 
ee Oe eee KM44V4000A/AL/ALL/ASL-8 60 | mA 
Fast Page Mode Current” KM44V4000A/AL/ALL/ASL-6 70 mA 
RSV he Astrea KM44V4000A/AL/ALL/ASL-7 loca - | 60 | mA 
encores eyeing Cee nt) KM44V4000A/AL/ALL/ASL-8 50 | mA 
KM44V4000A 1 mA 
Standby Current _ KM44V4000AL iecs : 300 LA 
(RAS=CAS=W=Vpp-0.2V) KM44V4000ALL 200 | “A 
KM44V4000ASL 200 LA 
— — . KM44V4000A/AL/ALL/ASL-6 80 mA 
RS and GAS Suisse KM44V4000A/AL/ALL/ASL-7 Icce - | 70 | mA 
PON or KM44V4000A/AL/ALL/ASL-8 60 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vin)=Vpp-0.2V 
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS Cycling net lcc7 - sa me 
or 0.2V Din=Don't Care Trc=31.25S(L-Ver) 
62.54 S(SL-Ver), TRAs=TRas min.~300ns 
Self Refresh Current 
RAS=CAS=0.2V 
W=-OE=A0-A11=Vop-0.2V or 0.2V KM44V4000ALL Iccs - 250 LA 
DQ1~DQ4=Vpp-0.2V, 0.2V or Open 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol! Min | Max | Units 
Input Leakage Current . figs 10 10 si 
(Any input 0<Vin <VpD+0.3V, all other pins not under test=0 volts.) 
IL 

Output Leakage Current low 

(Data out is disabled, OV <VouT<Vpp) n “ig ie HA 
Output High Voltage Level (loH=-2mA) VOH 2.4 - V 
Output Low Voltage Level (lo.=2mA) VoL - 0.4 V 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°C, Voo=3.3V, f=1MHz) 


Input Capacitance (Ao~A11) 


Input Capacitance (RAS, CAS, W, 
Output Capacitance (DQ1~DQa) 


AC CHARACTERISTICS (0°c<1s<70°C, Vov=3.3V +0.3V, See notes 1,2) 
Test Condition : Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


Parameter 

Random read or write cycle time tRC | 
Read-modify-write cycle time 185 205 ns 
Access time from RAS 60 | 70 80} ns | 3,4,11 
Access time from CAS | tcac 15 20 | 20! ns | 3,4,5 
Access time from column address | taa 30 35 40 | ns 3,14 
CAS to output in Low-Z tcLz 0 0 0 ns 3 
Output buffer turn-off delay {OFF 0 | 15 0 20 0 20] ns 7 
Transition time (rise and fall) tT 3 50 3 50 { 3 50) ns 2 

| RAS precharge time tRP 40 50 60 ns 
RAS pulse width tRAS 60 | 10,000} 70] 10,000; 80); 10,000; ns 
RAS hold time tRSH 15 20 20 ns 
CAS hold time tCSH 60 70 80 ns 
CAS pulse width tcas 15 | 10,000} 20 10,000 | 20 | 10,000 | ns 
RAS to CAS delay time tRCD 20 45| 20] - 50| 20 60} ns 4 
RAS to column address delay time {RAD 15 30 15 35 15 40} ns 11 
CAS to RAS precharge time tCRP i 5 ns 
Row address set-up time 


<I 


ELECTRONICS 


KM44V4000A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Row address hold time 


Column address set-up time 


tasc 


Column address hold time 


Column address hold time referenced to RAS 


Column address to RAS lead time 


Read command set-up time 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


ee 
beara oa 
Pom [oof fof of | 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


Data set-up time 

Data hold time 

Data hold time referenced to RAS 
Refresh period (Normal DRAM only) 


Refresh period (Low power & Self Ref.) tREF 
Refresh period (Super Low power) tREF 
Write command set-up time twcs 
CAS to W delay time tcwp 
RAS to W delay time tRWD 


Column address to W delay time 


CAS set-up time (CAS-before-RAS refresh) 


CAS hold time (CAS-before-RAS refresh) 


RAS. to CAS precharge time 


CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge 


Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time 


CAS precharge time (Fast Page mode) 


RAS pulse width (Fast Page mode) 


RAS hold time from CAS precharge 

OE access time 

OE to data delay 

Output buffer turn off delay time from OE 


tRASP 


tRHCP 


TOEA 


OE commend hold time 


reread 
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KM44V4000A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 10 10 ns 

W to RAS precharge time (C-B-R refresh) 10 10 ns fi 

W to RAS hold time (C-B-R refresh) 10 | 10 | ns 

RAS pulse width (C-B-R self refresh) 100 100 | 100 HS 15 
RAS precharge time (C-B-R self refresh) 110 130 150 ns 15 


CAS hold time (C-B-R self refresh) 


TEST MODE CYCLE (Note.12) 
Parameter Symbol; = ) a : { = 8 Units | Notes 
Min | Max | Min; Max | Min; Max 

Random read or write cycle time tRC 115 | 135 155 [ ns 
Read-modify-write cycle time trwc | 160 190 210 ns_| 

Access time from RAS tRAC 65 75 85! ns | 34,11 
Access time from CAS tCac 20 | 25 25| ns j 3,4,5 
Access time from column address tAA 35 40 45} ns 3,11 
RAS pulse width 10,000; 75} 10,000; 85] 10,000) ns 

CAS pulse width 10,000 10,000 10,000 

RAS hold time tRSH 20 25 25 ns 

CAS hold time tcsH | 65 75 | 85 ns 

Column address to RAS lead time tRAL 35 | 40 | 45 ns 

CAS to W delay time tcwo | 45 55 | 55 ns 

RAS to W delay time trwD 90 105 115 ns 8 
Column address to W delay time tawD 60 70 75 ns 8 
Fast Page mode cycle time | tro | 45 50 | 55 ns 

Fast Page mode read-modify-write cycle time tpRwc |) 90 105 110 ns 

RAS pulse width (Fast Page Mode) | tRASP | 65 200,000 75 200,000; 85) 200,000) ns 

Access time from CAS precharge |_ tera . 40 : | 45 50| ns 3 
OE access time | toca 0 25 25) ns | 

OE to data delay 7 tocp 20 25° 25 | ns 

OE command hold time toEH ! 20 25 25 ns 
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KM44V4000A/AL/ALL/ASL 


CMOS DRAM 


N 
; 


OTES 


. An initial pause of 200s is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


2. Vik(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


3. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


4. Operation within the tRcD(max) limit insures that 


trRac(max) can be met. trcp(max) is specified as a 
reference point only. If trcb is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


5. Assumes that tRcp > tRcD (max). 
6. tAR, twCR, tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VoL. 


. twos, tRwbd, tcwD and tawbD are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwp>tcwp(min), tRwo > 
trRwp(min) and tawp > tawp(min), then the cycle is a 


10. 


11. 


12 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trRaD(max) limit insures that 
tRAc(max) can be met. trRap(max) is specified as a 
reference point only. If tRAD is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 


. These specifications are applied in the test mode. 
13. 


In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 
READ CYCLE 


tore 


| A 


Vi — ALY 
me SRK atos DRT ASRS DRS KD 
eae trap = traL —— ee 
Fe OY . RK 
Fn BRK ESRI 


toez 


. trac 
Vou | AY 
DQ)-DQ, OPEN GON VALID DATA-OUT » 
Vo_— A 


teiz 


Rod DON’T CARE 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 


trc 


RAS _ - ; tar 
Vin — IVY ina t 
BS oy = NOY ES Sb 
. a aa ® pena ae aa XXXKXXXX XK 
1. — XK, acs JAY) SH COOK KKK RK) 
W Vin —- YYVVYVVY YVYVV Y eae eee 
ie — XK —— KKK 
eS ear a ee 
ame tawt 
RRR RRR RRR RY 


ton 


Vv — 
DQ,-DQ, Me (| VALID DATA-IN 
wu 


tour 


WRITE CYCLE (OE CONTROLLED WRITE) 


cer 
trp 


RAS tar 


ari ca Seema Pe 
om ORY a 


Vin tran 


tasr tasc 
tran 


Vin — WY YYYYYYYVYYY VYYVY VYYYNYVYY VY 
vc — OKA aoBtss DROME SURES) ROY 
trac 


nH - YYYYVVYVYVYYYYYYVYYYYVYYV VY twe ——————————— 
To KM rx XXLXKKND 


| 


> 


WwW 
LAAAAALVAALAAL “LS 
oe. 
EK Lee oo RXR) 
00:00" ROL _vaee params PR SSSI) 
KY DON’T CARE 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 6 continued) 
READ-MODIFY-WRITE CYCLE 


Vin 
RAS Vi 
tcrp tar 
taco tas 
Vin = tcas 
CAS Wi a 4 tase trad 


‘ ~ XOX now Sesame OQ 
‘e —H 
PA aso 


trac 
Vac o = 
DQ,-DQ v VALID XY VAL 
me OGRE DONE 
t 


OL 


tewo jmo——-— tewe 


=| 


TERR 


t 
toep oe 


tox 


CLZ 


FAST PAGE MODE READ CYCLE 


trasP J~ tre 

Vin tar |< tarice 

RAS Vi 7 
torp tec tec trsH 
ee el 
tee top 

Vin — — \ tcas — tcas tcas ¥- 
Cis Van vy \ J) 

IL Jj 4 

tasr tcaH tasc 
|| | a ee 

Vin — (X) eX 

mS SOK 5R8 DRM Sones) Oh) i Ky 
trap tacs trou 
a OOO S 7 by PRE 
mw RRRRKKR XXX 
ts ~ Tv 7 IVVVY 
5 4 
i ior mon KER | KER 
tcac = torr 
trac 


Vou ‘ 
. VALID VALID \ VALID 
DQ,-DQ4 ves x DATA-OUT ana DATA-OUT paTA.ouT 


toz touz 


KO DON'T CARE 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp trp 
RAS tar 


sad tec tec 


@) 
a 


a ee tcas 
ey 
tas” aed N eel [i nist a 
iq — 
ESO tEr Be SOOKE mm 


pGnees me a acres § & if 
ere ic 
QOS — ioe st 


ey Ee aaa Sich ia SSS 


fe} [oe DL 


=I 


Jr Ce 


fee} Pe 


Pen SESE alti DE) CO EOE XK 


tour 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


trasp 
Vin — 
RAS tar 
Vi — 
; tcas / / 


[e) 
ree) 
x 
| 
RS 


IY 


mye XK 5H Sst DE Sommaaie QO 
el Ye 
We RR EY we oe wa ; 


al 


OE Viq 
Vi — 
ton 
Vuon— if 
DQ,-DQ 
aa Voi — , aX RY 


VALID VALID touz VALI 
DATA-OUT. _DATA-IN DAR Bur “DATALIN 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


RAS 
CAS 


nA row ano KY NARN AAA AAA ARR 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don't Care 


RAS 


CAS 


DQ,-DQ, 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


Vin 
Vit— 


RAS 


Vit— 


DQ1-DQ4 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continuea) 
HIDDEN REFRESH CYCLE (READ) 


DQ,-DQ, 


=| 


DQ,-DQ4 


ict ADDRESS XXX 
trap 
trcs 


hoe OO Ly | NY NOK 


tcac torr 


trac 
Vou ~ i; 


: aaa a 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE tap 


tras 


tept RSH : 
7, 
tour tcas | 


a ea 
READ CYCLE tw ely, 


RAS 


Vin — 
Vi — 
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CMOS DRAM 


TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


tac 


= es ec |}~________ tras 

Vie = A) tom YVYVVV VV OV VY YY VY VV 
an 2 LK 
Tn BRR KKK KKK 
pa,pa, “ ~ y OPEN 


TEST MODE DESCRIPTION 


The KM44V4000A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and Ai are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


Ro DON'T CARE 


Mode’, the 4M x 4 DRAM can be tested as if it were a 
1Mx 4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or “RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


ala Sla ale ale 
zie BIR 8/S ae 
yo Lis eiS gic 

Oo Co N 
ome) mw Oo oo 

oO oO) st Oolr 
2/8 AIR 8/4 S/S 
colo Plo o/o clo 


0.670 (17.02) a | 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


a 


0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 


0.026(0.66) 
0.032(0.81) 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20 


0.298 (7.57) i 
) 0.302 (7.67) 
0.324(8.22) | 
| é TYP 
ik 0.359 (9.12) 
0.367 (9.32) 


IAI 0.008 (0.08) 


am 0.048 (1.22) 0.012 (0.30) ai 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) LL 
0.024 (0.60) 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 


o slo ole 
: ala ol- 8 
= 2 Hl= 
3 gig sie = 
S fac co 
i 
1 
0.144(3.66) 
MAX 
la 0.004(0.1) 
0.050(1.27) | | 0.015(0.38) a 
TYP 0.021(0.53) 
0.050(1.27) 
MAX 
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
0.03 (0.80) 
TYP 
ait e| sis 
Sic e =|= 
o/c ° o|o 
6|& 
0.723 (18.36) = ad 
0.727 (18.46) Sis 
Slo 0.005 (0.13) 
0.008 (0.20) 
a 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 
0.016 (0.40) 2 
0.024 (0.60) 
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KM44V4100A/AL/ALL/ASL 


CMOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: ; 
Pde [tne |e 
KM44V4100A/AL/ALL/ASL-6 | 60ns | 15ns | 110ns 
KM44V4100A/ALV/ALUASL-7 | 70ns | 20ns | 130ns 
KM44V4100A/AL/ALL/ASL-8 | 80ns 


* Fast Page Mode operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

* Double+3.3V+0.3V power supply 

* 2048 cycles/32ms refresh (Normal DRAM) 

« 2048 cycles/128ms refresh (Low power & Self Ref.) 
¢ 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

« Available in plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 


GENERAL DESCRIPTION 


The Samsung KM44V4100A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44V4100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V4100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Ves Generator 


Clocks [Vee Generator | Vss 


Refresh Timer 
foe 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


AO~A10 


Memory Array 
4,194,304 x4 
Cells 


Column Decoder 


Data in 
Buffer 


Sense Amps & IO 


Data out 
Buffer 


a 
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KM44V4100A/AL/ALL/ASL | | CMOS DRAM 


PIN CONFIGURATION (op views) 


* KM44V4100 AJ/ALJ/ALLJ/ASLJ * KM44V4100 AT/ALT/ALLT/ASLT + KM44V4100 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 


DQ3 DQ4 

DQ4 DQ3 

CAS CAS 

N.C N.C 

Ag Ag 

Ag Ag 

Az Az 

Ae A6 

As As 

Ag Aa 

Vss Vss 
J: 400MIL T : 400MIL(Forwara) TR : 400MIL(Reverse) 
K : SOOMIL S : 300MIL(Forward) SR : 300MIL(Reverse) 


Ao-A10 Address Inputs 

DQ1-~4 Data In/Out | 
Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

WwW Read/Write Input 

OE Data Output Enable | 
Vop Power(+3.3V) | 
N.C No Connection : 
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KM44V4100A/AL/ALL/ASL 


CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Short Circuit Output Current 


Parameter 
Voltage on Any Pin Relative to Vss VIN, VOUT -0.5 ~ 4.6 Vv 
Voltage on Vpp Supply Relative to Vss Vppb -0.5 ~ 4.6 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pb 1 W 


50 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter Symbol Min Typ Max Unit 
Supply Voltage Vop 3.0 3.3 3.6 V 
Ground Vss 0 0 0 V 
Input High Voltage VIH 2.0 — Vod + 0.3 V 
Input Low Voltage VIL -0.3 = 0.8 V 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol} Min | Max | Units 
Operating Current" KM44V4100A/AL/ALL/ASL-6 100 mA 
; F KM44V4100A/AL/ALL/ASL-7 Iec1 90 mA 
(RAS and CAS Cycling @tac=min,) KM44V4100A/AL/ALL/ASL-8 80 | mA 
KM44V4100A 2 mA 
Standby Current KM44V4100AL ice 1 mA 
(RAS=CAS=W=Vu ) KM44V4100ALL 1 mA 
KM44V4100ASL 1 mA 
— i KM44V4100A/AL/ALL/ASL-6 100 mA 
CAS dill ee ae ’ KM44V4100A/AL/ALL/ASL-7 lees 90 | mA 
ee yous “os KM44V4100A/AL/ALL/ASL-8 80 mA 
P KM44V4100A/AL/ALL/ASL-6 80 mA 
me ee eel Sineuea KM44V4100A/AL/ALLIASL-7 | — Icca 70 | mA 
eae ener a) KM44V41 00A/AL/ALL/ASL-8 Ue 60 | mA 
KM44V4100A 1 mA 
Standby Current KM44V4100AL lacs 300 HA 
(RAS=CAS=W=Vpp-0.2V) KM44V4100ALL 200 HA 
KM44V4100ASL 200 HA 
_— — 4 KM44V4100A/AL/ALL/ASL-6 100 mA 
BRS and GAS C cae li KM44V4100A/ALIALUASL-7 | — Icce 90 | mA 
si tai KM44V41 00A/AL/ALL/ASL-8 80 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, input High Voltage (Vin)=Vop-0.2V : 
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS Cycling ae Icc7 - ne f ; 
or 0.2V Din=Don't Care Trc=62.5,S(L-Ver) ‘ 
1254S(SL-Ver), Tras=Tras min.~300ns 
Self Refresh Current 
RAS=CAS=0.2V 
W=OE= Ao-Ato =V0-0.2V or 0.2V econ es SN Bee BS 
DQ1~DQ4=Vop-0.2V, 0.2V or Open 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Input Leakage Current . 
(Any input O< Vin <Vpp+0.3V, all other pins not under test=0 volts.) 


Output Leakage Current 
(Data out is disabled, OV<VouT<Vbb) 


Output High Voltage Level (loH=-2mA) 
| eee 


Output Low Voltage Level (lo.=2mA) 


“NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°c, Voo=3.3V, f=1MHz) 


Parameter 
Input Capacitance (Ao~A10) 
input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQa4) 


AC CHARACTERISTICS (°c<ta<70°C, Vov=3.3V+0.3V, See notes 1,2) 
Test Condition : Vin/Vi=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


= ae a 

Parameter . 
ea al a 
Random read or write cycle time | woo] _| so 
Read-modify-write cycle time = 
Access time from RAS. tRAC 
Access time from CAS tcac 4, 
Access time from column address lta | | a0] fs | 40] ns 3,11 
CAS to output in Low-Z tCLz 0 0 ns 3 
Output buffer turn-off delay {_toFF 15 0 
Transition time (rise and fall) tT 3 50 3 
RAS precharge time tre 40 50 
RAS pulse width tRAS 60 | 10,000] 70/ 10,000 10,000 
RAS hold time tRSH 15 |_20 
CAS hold time tCSH 60 70 
CAS pulse width tCAS 15 | 10,000 | 20] 10,000 | 10,000 
RAS to CAS delay time tRCD 45| 20 50| 20 60] ns 4 


RAS to column address delay time tRAD 35] 15 40| ns 11 


CAS to RAS precharge time tcRP 22s 5 ns 
Row address set-up time f; @-= th | 0 ns 
PSimsu Nag ” 
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KM44V4100A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter 


Row address hold time 


Refresh period (Normal DRAM only) 
Refresh period (Low power & Self Ref.) 


Column address set-up time 0 0 ns 

Column address hold time 15 15 ns 

Column address hold time referenced to RAS 55 60 ns 6 
Column address to RAS lead time 35 40 ns | 
Read command set-up time 0 0 ns 

Read command hold time referenced to CAS 0 0 ns 9 
Read command hold time referenced to RAS 0 0 ns 9 
Write command hold time i 15 15 ns 

Write command hold time referenced to RAS 55 60 ns 6 
Write command pulse width i 15 15 ns 

Write command to RAS lead time | 20 20 ns 

Write command to CAS lead time | 20 20 ns 

Data set-up time | 0 0 ns 10 
Data hold time 15 15 ns 10 
Data hold time referenced to RAS 55 60 ns 6 


éciiee® 


ELECTRONICS 


Refresh period (Super Low power) 256 256/ ms 
Write command set-up time 0 0 ns 8 
CAS to W delay time 50 | 50 ns 8 
RAS to W delay time 100 110 ns 8 
Column address to W delay time 65 L 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) 10 10 ns 
CAS hold time (CAS-before-RAS refresh) [15 15 ns | 
RAS to CAS precharge time 5 5 ns 
CAS precharge time (C-B-R counter test cycle) 30 30 ns 
Access time from CAS precharge 40 45; ns 3 
Fast Page mode cycle time 45 | 50 ns 
Fast Page mode read-modify-write cycle time 100 | 105 ns 
CAS precharge time (Fast Page mode) | 10 | 10 ns 
RAS pulse width (Fast Page mode) | 70 | 200,000} 80} 200,000; ns 
RAS hold time from CAS precharge 40 45 ns i 
OE access time 20 20] ns 
OE to data delay ; 20 20 ns 
Out put buffer turn off delay time from OE 0 20 | 0 20| ns 
OE commend hold time 20 20 ns 
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KM44V4100A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 


W to RAS precharge time (C-B-R refresh) 


CAS hold time (C-B-R self refresh) 


W to RAS hold time (C-B-R refresh) twRH | 

RAS pulse width (C-B-R self refresh) tRASS 15 | 

RAS precharge time (C-B-R self refresh) tRPS 15 
ane | 


TEST MODE CYCLE (Note.12) 
- -7 -8 
Parameter Symbol 
Min | Max | Min| Max | Min| Max 
Random read or write cycle time tRC 115 4 135 155 fons | | 
Read-modify-write cycle time tRwc | 160 190 210 | ns 
Access time from RAS tRAC 65 75 85) ns | 3,4,11 
Access time from CAS 20 25 25; ns | 3,4,5 


Access time from column address 


Column address to W delay time 


Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time 


RAS pulse width tRAS 10,000 75 | 10,000} 85] 10,000) ns 
CAS pulse width teas | 20 
RAS hold time tes | 20 
CAS hold time 65 75 85 ns 
Column address to RAS lead time 35 40 

CAS to W delay time 45 55 

RAS to W delay time 90 105 


110 


RAS pulse width (Fast Page Mode) 75 | 200,000} 85} 200,000) ns 

Access time from CAS precharge 45 ‘al ns 3 

OE access time 25 25| ns 

OE to data delay 20 = 25 25 ns 

OE command hold time 20 ar 25 25 ns ll 


ee” 
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KM44V4100A/AL/ALL/ASL 


CMOS DRAM 


NOTES 
1 


. An initial pause of 200s is required after power-up 


on 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViH(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


. Operation within the tacD(max) limit insures that 


tRac(max) can be met. trcp(max) is specified as a 
reference point only. If trcp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tacp > tRcD (max). 
. tar, twcr, tDHR are referenced to traD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 


. twcs, tRwo, tcwod and tawDd are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwp(min), trwo > 
tRwo(min) and tawD>tawp(min), then the cycle is a 


10. 


fii; 


12. 
13. 


14. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRAD(max) limit insures that 
tRac(max) can be met. tRAD(max) is specified as a 
reference point only. if tRao is greater than the 
specified traD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAc, taa, tcAc 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 


. 2048 cycle of burst refresh must be executed 


within 32ms before and after self refresh, in order 
to meet refresh specification. 


<i 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 
READ CYCLE 


tar 
torp tasH 
GIS Vin xX W \— tcas V\| A 
“CONS AP 


Vu — YR sles oOo OX XX KK KKK KKKKKKS 
nv OO naires DY {se KO) 


trcs 


vo OY | 


trap traL trRH 


trcH 


KKK 


=| 


= Viq — PY VY VV VY VV VV Ve 
oF RIK 


Vi — LAADAL x ZS 


A/S YI A/Y AAS 
KEK 


torr 


toez 


trac 
Vor | mY 
BODO, 98 KX VALID DATA-OUT . 
Vo.— A 


teiz 


RK DON’T CARE 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 


tac 


tras 


zl 


Vir 


2 t 
: tore ; thet 
—_ Vin — COONCaEE tcas 
ue Vio XY trap {| _/ 


AR 
=| : = 


©. XK ectiss DOK Rebels Caper 


WA XXXXKXXXX ZN 
— 
og a KKK 
Ld 


=| 


twcr 


= trw 
Vin — Y Y Y VY VYVYV 
We RRR RR RR RICK 


tox 


vi — x= 
DQ,-DQ, (| VALID DATA-IN 
eo 


tour 


WRITE CYCLE (OE CONTROLLED WRITE) 


tac 
t 
tras ac 
Vin 
RAS 
To 


tar 
tore 
ii a 
paren HT XY YYVY tcas 
= EE a eens 2 


< 


It 


tasr tasc 
trax 


Vin — WV YVYVYVVY YY YY YYYYVYY VV YY YY YYYY¥”vr 
6 Ve SKK nob Rts DOL RSM DAK KR KKK RD 


traL Ee 
PAROS TUCO CS0000050500000610000100600000)5 Ma CLUNNNgg oerererenennns 
oe OOOO oo RK 


aoe i ED MMM 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


s| 


DQ,-DQ, 


ei Bae _ trash 
Vn — OG tcas 
Vi — nS, tasr 
‘ ees : 
yas ts 
“ROM con KOM cous] oe LIX KKERKEKE EKER EAR NNIN 
i Baw if == COLUMN DAXXXXXXKXX QS Os XXKXXXKX XX) 


ROR 


OOS XX e 


toep 
tox 


trac toez 
Vou — Bx ~ VALID XY 
KA VALID 
Vo.— LOX pata ouT CN DATAIN 


toz 


FAST PAGE MODE READ CYCLE 


Ps) 
a 


S| 


trasp tap 
Va tar truce 
Vi = 
e tec tec =| tasH 
| tcp top 
am NCIS tcas 
— ee, 
tasr A ts 
ROW —s a4 i 
XM 88 SBE baie S55u0eS age 


Reo FS ADDRESS 
“sl | lt 
FQN 


LY LY 


ROLLY 


tcac 


sn XO 


Vii — WAZA 
trac 


Vou YX’ R 
VALID KX! VALID » VALID 
Vor— DATA-OUT an DATA-OUT DATA-OUT 


af teuz teiz 


Ke DON’T CARE 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp trp 


RAS tar 


N tcas tcas tcas (/ 
eee é 
ie ceman mecen) 

a 


(XX 


| Bae 
me ARK BBE PROX RSGRBS DRS SORES DRS SSS DESY 
A ten VAVAVAVAVAVAVAVAVAN, kt Vi, aa et | YVYVYV 
— KKK ae EXOT SEX 
ae 


i?) 
>" 
on 


os 
1, 


Vi 


Sl 


Y 
Vit DAAALBA Lo 


FE INS III IKK IK 


tox 


Pan TT SSS, ott DESL siti DARK ott DOKI 


toHR 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


trasp 


eereer Vin — t 
RAS AR 
Vim 


= tasH 
peR tep 


come 


ea 
hog inoue 
* 5 BAC aa SEE ae RSET 
Vi — OKO)" | b 
a |e Ei 


tre 


Sl 


LALA 


tou 


VioHx— AAA LY AM/ 
DQ,-DQ OXXXXXKXX> 
: Viet — S Q p QIK 
tow VALID VALID teiz VALID VALID 
DATA-OUT DATA-IN DATA-OUT —DATA-IN 


Kx DON’T CARE 
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KM44V4100A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


__ ViH— 
RAS Vi 
ee Viq— 
CAS 

ViL— 


NY, Gane ON, 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


trRC 
tap—-—— trp 

Viq— 
RAS tras 

ViL— trec trPc 

tcsr ius 

ViH— 
CAS 

Vit— 

torr 
ViioH — 

DQ,-DQ, Vion = OPEN 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


RAS Vin 
Vit 
paren Vin — 
(CAS \ 
Vit— AN 
DQt-Da4 yo, _ OPEN 


XxX DON’T CARE 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS 6 continued) 
HIDDEN REFRESH CYCLE (READ) 


tras tras 
Vin 


Vi — 
eas 
tcHR 
- ian 


- ae =i CE) ~~ = ROK KY 


tacs 


100 an 


Ye RRR AXON 


tcac torr 


trac 
Vou — - 
DQ,-Da,_ ix VALID DATA-OUT " 
Vou ~ to F 


A AWAr, 
XX 


COON 


tras tras 
Vin 


RAS 7 _ 
Vip = 
a 
__ Vacs ; {cur 
CAS 
Vit i 
tasA i 


QW (ial ir ee HON Sy) 
XY i [LEY NEBR 


FP I 55555525 


XXXX LVN 


> 


=| 


tou 


| arom SOOO vate carat DESI IX KKK 


DON'T CARE 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE ie 


RAS 


tras 


Vin 
— 
topt RSH 
t 
Viq — =e tour tcas 2 
Vi — T é ‘ 


en EO 


READ CYCLE ‘wre 


ie) 
> 
(>) 


Vin — AVY SO me 
ee Oy OY XX 


SED Oem m nnn inNs 


SKK 


£\ 
an a 
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ae 


Vou ; 
OL H as 


WRITE CYCLE __,,,.. an aa 
a Vin — AVYVQ TAK AAANAAAAN cs VVYVVVVYY VV VY 
We RY COL JSR 
Viz — PALSY iV, AVA ANY, YYV YYVV vy, Vv 
Fe RRR KR 
Pease 
READ-MODIFY-WRITE an 


twrp 


0 SOR REE SRR 
| el 
a RYXRRREKERRRREXRRRERRED 


rhs 


tox 
teiz o tos 
a ; YVVVY 
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VALID DATA-OUT = VALID DATA-IN 
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CMOS DRAM 


TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 


ra, Vin — 
RAS 
Ye trec 
top 
Eo tesa 
fone Vin y 
CAS 
Vi — 
twrs twTH 
_ Vin <x XY KKK KX 
WwW 
Vi — AY): 
torr 
papa, Yo ~ N 


TEST MODE DESCRIPTION 


The KM44V4100A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and Ai are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1{"s or “O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


tras 


AK 


L\ZA\ LVA\ 


KLARA 


OPEN 


KY DON’T CARE 


Mode", the 4M x 4 DRAM can be tested as if it were a 
1M x4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into “Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 


ei? 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 


0.008 (0.20) 
0.012 (0.30) 


0.295 (7.49) 
0.305 (7.75) 


0.670 (17.02) _| 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


T 
0.050(1.27) , 4 0.015(0.38) ! | 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 


te. 0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (300MIL, Forward and Reverse Type) 


0.03 (0.80) 


0.298 (7.57) 
0.302 (7.67) 


0.367 (9.32) 


0.324(8.22) 
0.359 (9.12) 


0.671 (17.04) 


0.679 (17.24) 


_ | | oo 2 co | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 


0.008 (0.20) 


c S 0.003 (0.08) 


0.016 (0.40) a _| 
0.024 (0.60) 
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KM44V4100A/AL/ALL/ASL | CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 


Units: Inches (millimeters) 


0.025(0.64) 
MIN 


0.360(9.10) 
0.380(9.65) 
0.430(10.90) 


0.400(10.16) 


Basal 2.00810 20) 


0.144(3.66) 
MAX 


J 7 


0.725(18.42) ; 


oman (OE 


0.050(1.27)| J , 0.015(0.38) | 0.026(0.66) 
TYP | 0.021(0.53) 0.032(0.81) 


0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 


(400MIL, Forward and Reverse Type) 
0.03 (0.80) 


0.723 (18.36) clo 
0.727 (18.46) 


[afocse] YVR AARP RPPUAAAAA 


acy 0.048 (1.22) 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) L Hl 
0.024 (060) 


0.005 (0.13) 
0.008 (0.20) 


———" 
L 0.423 (10.76) J 
TYP 
0.459 (11 .66) 
0.467 (11 .86) 
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KKM48V2000A/AL/ALL/ASL 


CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


KM48V2000A/AL/ALL/ASL-8 | g0ns | 20ns | 150ns | 


- Fast Page Mode operation 

¢ Byte Read/Write operation 

+ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

« Double+3.3V +0.3V power supply 

« 4096 cycles/64ms refresh (Normal) 

* 4096 cycles/128ms refresh (Low power & Self Ref.) 
¢ 4096 cycles/256ms refresh (Super Low power) 

¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


ae Control 


GENERAL DESCRIPTION 


The Samsung KM48V2000A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bit x 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48V2000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL. compatible. 


The KM48V2000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 
Clocks Vss 
F 


Refresh Timer 
+ 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


AO~A11 


A0~A8 


Memory Array 
2,097,152 x8 
Cells 


Coiumn Decoder 


Data in 
Buffer 


DQ1 


Sense Amps & IO 


Data out 
Buffer 


aie 
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KM48V2000A/AL/ALL/ASL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM48V2000 AJ/ALJ/ALLJ/ASLJ * KM48V2000 AT/ALT/ALLT/ASLT + KM48V2000 ATR/ALTR/ALLTR/ASLTR 


Pin Name Pin Function 
Ao-A11 Address Inputs 

DQ1-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 
CAS Column Address Strobe 
Ww Read/Write Input 

OE Data Output Enable 
VpD Power(+3.3V) 
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KM48V2000A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss Vin, VouT -0.5 ~ 4.6 
Voltage on Vpp Supply Relative to Vss al Vob -0.5 ~ 4.6 
Storage Temperature Tstg ~55 to + 150 


Power Dissipation Pp 
Short Circuit Output Current 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter Symbol Min 


* 


3.6 
0 
Vpp + 0.3 
0.8 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


Supply Voltage Vpp 
Ground Vss 0 
Input High Voltage _| VIH 2.0 


<|<j/<j< 


Input Low Voltage 


Parameter | Symbol] Min | Max | Units 
Operating Current’ KM48V2000A/AL/ALL/ASL-6 80 mA 
; ‘ KM48V2000A/AL/ALL/ASL-7 70 mA 
(RAS and CAS Cycling @trc=min) KM48V2000A/AL/ALL/ASL-8 60 | mA 
KM48V2000A 2 mA 
Standby Current KM48V2000AL es 7 1 mA 
(RAS=CAS=W=Vin ) KM48V2000ALL 1 mA 
KM48V2000ASL 1 mA 
_—— ‘ KM48V2000A/AL/ALL/ASL-6 80 mA 
cmv, san KM48V2000A/AL/ALUIASL-7 | ccs | - | 70 | mA 
mei nr eae KM48V2000A/AL/ALL/ASL-8 60 | mA 
Fast Page Mode Clrrent™ KM48V2000A/AL/ALL/ASL-6 70 mA 
FRS—Vi CAE Annes Cyeliig Gaui KM48V20004/AL/ALL/ASL-7 loca - | 60 | mA 
Ere igh aa KM48V2000A/AL/ALL/ASL-8 50 | mA 
KM48V2000A 1 mA 
Standby Current KM48V2000AL idee ' 300 LA 
(RAS=CAS=W=Vop-0.2V) KM48V2000ALL 200 HA 
KM48V2000ASL 200 HA 
es anc As KM48V2000A/AL/ALL/ASL-6 80 mA - 
FRE and GAB 0, ipso KM48V2000A/AV/ALL/ASL-7 | [ccs | - | 70 | mA 
on a ec a KM48V2000A/AL/ALL/ASL-8 60 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH)=Vpp-0.2V 
Input Low Voltage (ViL}=0.2V CAS=CAS-Before-RAS Cycling Sonne Icc7 - ae a 
or0.2V Din=Don't Care Trc=31.25nS(L-Ver) j Z 
62.5#S(SL-Ver), TRAS=T in.~3 
#S(SL-Ver), TRaS=TRas min.~300ms 
Self Refresh Current 
RAS=CAS=0.2V 
WeOE=Ao-A11=Vop-0.2V or 0.2V KM48V2000ALL Iccs - 250 uA 
DQ1~DQs=Vop-0.2V, 0.2V or Open 
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KM48V2000A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol| Min | Max | Units 


Input Leakage Current 
(Any input O< VIN <VpD+0.3V, all other pins not under test=0 volts.) 


Output Leakage Current 
(Data out is disabled, OV < Vout <Vpb) 


Output High Voltage Level (loH=-2mA) VOH 2.4 - V 
Output Low Voltage Level (lo.=2mA) VoL - 0.4 V 


*NOTE: Icct1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE c1a=25°c, Vov=3.3V, f=1MHz) 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 


Input Capacitance (DQi~DQs) 


AC CHARACTERISTICS (o’c<tTa<70°C, Vov=3.3V 0.3V, See notes 1,2) 
Test Condition : Vin/Vi=2.0V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF 


Parameter 
Random read or write cycle time 
Read-modify-write cycle time 155 185 205 |_ns 
Access time from RAS 60 70 80| ns | 3,4,11 
Access time from CAS 15 20 20|/ ns | 3,4,5 
Access time from column address tAA | 30 | 35 40 ns 3,11 
CAS to output in Low-Z tcLz 5 5 5} ns 3 
Output buffer turn-off delay toFF 0 15 0 20 0 20! ns Fé 
Transition time (rise and fall) tr 3 50 3 50 3 50 | ns 2 
RAS precharge time tre 40 | 50 60 ns | 
RAS pulse width 60 | 10,000 | 70 | 10,000 | 80) 10,000;| ns 
RAS hold time 15 20 20 ns 
CAS hold time 60 70 80 ns | 
CAS pulse width 15 | 10,000, 20 10,000, 20/ 10,000| ns 
RAS to CAS delay time 20 45| 20 50) 20 60; ns 4 
RAS to column address delay time 15 30 15 35 15 | 40| ns 11 
CAS to RAS precharge time 5 | 5 i, 5 ns | 
Row address set-up time 0 0 0 ns 


ELECTRONICS 


KM48V2000A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Parameter 


Symbol 


-7 -8 
Units 
Max Min | Max 


Row address hold time tRAH 10 ns 
Column address set-up time tasc ns 
Column address hold time tCAH ns 
Column address hold time referenced to RAS taR ns 6 
Column address to RAS lead time tRAL ns 
Read command set-up time tRCS ns 
Read command hold time referenced to CAS tRCH 

Read command hold time referenced to RAS tRRH 

Write command hold time twCH 

Write command hold time referenced to RAS twcrR 

Write command pulse width twp 

Write command to RAS lead time tRWL 

Write command to CAS lead time tCWL 

Data set-up time tbs 

Data hold time tDH ns 


Data hold time referenced to RAS tDHR | s5| | eo] | ns| 6 | 
Refresh period (Normal) tREF 64 64]; ms 
Refresh period (Low power & Self Ref.) tREF 128 128; ms 
Refresh period (Super Low power) tREF 256 256| ms 

Write command set-up time twcs 0 ns 8 
CAS to W delay time tcwo 50 = ns 8 
RAS to W delay time tRWD 110 ns 8 
Column address to W delay time tawD 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 mas 
CAS hoid time (CAS-before-RAS refresh) tCHR 15 ns 

RAS to CAS precharge time tRPC 5 ns 

CAS precharge time (C-B-R counter test cycle) tcPT 30 ns 

Access time from CAS precharge -tCPA 40 45/ ns 3 
Fast Page mode cycle time tPc 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 105 ns 

CAS precharge time (Fast Page mode) tcp |_10 ns 

RAS pulse width (Fast Page mode) tRASP 200,000; 80 200,000} ns 

RAS hold time from CAS precharge tRHCP 45 ns 

OE access time tOEA 20 | 20| ns 

OE to data delay tOED 20 ns 

Out put buffer turn off delay time from OE toeEz cal: 0 20 we. 
OE commend hold time tOEH 20 ns 


ran sol 
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KM48V2000A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continue) 


Parameter Symbol sh at 8 Units | Notes 
Max | Min| Max | Min| Max 

Write command set-up time (Test mode in) |_ twrs 10 10 ns 

Write command hold time (Test mode in) twTH 10 10 ns 

W to RAS precharge time (C-B-R refresh) twrP 10 10 ns | 

W to RAS hold time (C-B-R refresh) twRH 10 10 ns 

RAS pulse width (C-B-R self refresh) tRASS 100 100 us 15 
RAS precharge time (C-B-R self refresh) tRPS 130 150 ns 15 
CAS hold time (C-B-R self refresh) tCHS -50 -50 ns 15 
TEST MODE CYCLE (Note.12) 

Parameter Symbol = s t = Units | Notes 
Min | Max | Min| Max | Min| Max 

Random read or write cycle time tRC 115 135 155 ns 
Read-modify-write cycle time tRWC 160 190 210 ns 

Access time from RAS tRAC 65 75 85; ns | 34,11 
Access time from CAS tCac 20 25 25; ns 3,4,5 
Access time from column address tAA 35 40 45; ns 3,11 
RAS pulse width tRAS 65} 10,000} 75)| 10,000; 85] 10,000; ns 

CAS pulse width tcas 20 |.10,000} 25); 10,000} 25; 10,000! ns 

RAS hold time 20 25 25 ns 

CAS hold time tCSH 65 | 75 | 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 | 55 ns 

RAS to W delay time tRWD 90 105 115 ns 8 
Column address to W delay time tawD 60 70 75 ns | 8 
Fast Page mode cycle time tPC 45 50 55 ns 

Fast Page mode read-modify-write cycle time |_tPRwc 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 65 | 200,000} 75) 200,000} 85 200,000; ns 

Access time from CAS precharge tcPA 40 45 50| ns 3 
OE access time toea | 20 25 25| ns 

OE to data delay tOED 20 25 25 ns 

OE command hold time tOEH 20 25 25 ns 
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CMOS DRAM 


NCTE? 


. An initial pause of 200zs is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 


2. Vin(min) and Vit(max) are reference levels for of the data out is indeterminate. 
measuring timing of input signals. Transition times 9. Either tacH or tRRH must be satisfied for a read 
are measured between ViH(min) and ViL(max) are cycle. 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 

3. Measured with a load equivalent to 100pF and leading edge in early write cycles and to the W 
Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) leading edge in read-write cycles. 

4. Operation within the trcp(max) limit insures that 11. Operation within the trRap(max) limit insures that 
trac(max) can be met. tRcp(max) is specified as a tRac(max) can be met. trRap(max) is specified as a 
reference point only. If tRcp is greater than the reference point only. If tRaD is greater than the 
specified tRcD(max) limit, then access time is specified tRAD(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

5. Assumes that trop > tRcb (max). 12. These specifications are applied in the test mode. 

6. tar, twcr, toHR are referenced to tRAD(max). 13. In test mode read cycle, the value of trac, taa, tcac 

7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 

8.twcs, tRwD, tcwD and tawod are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. torF(max) and toez(max) define the time at which 
data sheet as electric characteristics only. If twcs> the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the 15. 4096 cycle of burst refresh must be executed 
duration of the cycle. If tcwo>tcwp(min), tRwD > within 64ms before and after self refresh, in order 
trwo(min) and tawp >tawp(min), then the cycle is a to meet refresh specification. 

TIMING DIAGRAMS 
READ CYCLE 
= tre 
aoe tRAS —— trp 
RAS ViH— 
Vit— tAR 
; — tcsH 
wen Ge trop tRSH —_ 
tcas 
me Ow \A f_/ 
one " }—-tRAD t 
_ tasrR ’ RAL — 
; RAN tase tCAH 
= Y COLUMN KYXKKXXK WG 
: vie GOK ABBness KN RBGHESS ICRC Ne XY) 
tr 

oS Vie— VV () YY) KX V\g 

w Fe GRY) 

OE Vin— 

Vit— 
VouH— 
DQ,-DQs Gort 


KX] DON’T CARE 


adie 
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KM48V2000A/AL/ALL/ASL 


CMOS DRAM 


TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY WRITE) 
im 


VYVYVYVY ¥ ¥ Y VV YVVVV YVYAAAY 
XXX LAX R 


me Vin— 
Vit— 
tcrp Pe trop aad tRSH S| — 
ak, ViH— 
CAS gee tl tray \A tcas Sy 
tase | tasc toa] 'RAL -—+ 
Vin— FRR y, v,V, 
(AZ ROW 
; vu WOOK Aaooness XI SOAS PRY 
trap — 
twcs Asie - 
Ww Vip— YY XY XXX KKK YYYY t LYXYYYYYXKYY YX Fav, 
1 CORE | RRR 
twcr 
tRWL =| 
Armed ATs eli AV AV AVAVATAY AYA? BB AVATATATAVAUAVATAVATATAVATAVAVAVAV.V.W.V.V.VAVA'A? 
ve Vi RORK KKK KKK RAIN) 
tos oa fDH 
Vin— 
DQi-PRs Vit— {" vaLio DATAIN } 


WRITE CYCLE (OE CONTROLLED WRITE) 


trc 
bs tRAS _— tre 
tar joes 


XA) 
On) 
(M OY) 


v, y, AV AAT AAW AVATAVAWAVAVAVAVAVAVATLD 
ROKK KRY 


WIV VV YY 
YR 


XXRXYXXRX RR KK 


OPEN 


RAS 

CAS 

: Yiu ROKR KKRX KRY 

i 1 OO TR ARN RX XXX RAXX NN 
Fe RRR RRA NRK RANKER RI 
0000 yy YOO [mnorea] SOAK YK KRXX OG 


Na DON’T CARE 


et? 
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KM48V2000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


— Viq— 
RAS Vi— 
tcrp| | yo | ~ tesn =] 
trcD a Ran | - tRSH ‘cn 
CAS Viq— Laeesk 24 
Vit— \ \ a { / 
tasR we tcaH 
Vin— AAAFBROW b \) COL ” VY YVVVVVVVVVWVYV VWW\ASVYYV\AVAYVVVVYV 
: vi WW rooress KYM RBoRES RY NK NO) 
po tRaD- - aes aa: Stes tcwL——-} 
ane (eo +— trwb = tawL —_ 
w VIH— | AKAVVVUV VV VR 
ae a SARK 
Vip— DAY 
OF va XX 
ViIOH ~ AK KK AAAATA RAT 
BOT oe KK 


FAST PAGE MODE READ CYCLE 


r -———- = trasp — eee etl 
RAS IH— 

Vit— 

tcrp facs on ie tRSH 
— Vin— tcas 
CAS vies WoT tcas tcas { / 
RAD ies fae 
tasR tRAH tase tcaH eal tcaH tasc| | tcaH 

‘ Vit— CON mage AY) Es AYKKY) COLUMN ARYYYY X\ Soe {xX XXX YXX) 

Vin MAMA AYR. BBbRESS_MYYXNKK aooress KXMYK)M aooress DORR YKKX) 

feel [weed et wes Tsp 
WwW IH OXY yd, WAZ RXXXKKN 

Vit— XX WON taa | y es ie trRH if KX 

toEA "CPA 
= Vie— RYRVYK XXX XXX) RYVY ary | 1OEA RXV VY) tOEA ~ AVN WAVY AV AVWWAvAY 
OE Vn — DREXLER | AN | ARN | AR 
torr 
toez 


to.z 
You a [el et VALID 
pa ON Tieoun}-— 


Vain LN DATA-OUTJ DATA-OUT) 


OY VALID 
QM bateour } 


xX DON’T CARE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


tre 
| — ~---- — tRASP —— ~~ 7 | 
— ~ i 
RAS tar 1 
| t 


CAS 
- VVV 

; Ao iY 

al 

hacan ot 
w ONT 
_ + YXRY XN Y VY XAAA/YVYY VV YVASVVVVYV VY FYYWIIAY VV VV VV YVYVVA/SVVV 
of ROR ARR KKK X KK 
| : tos | ton | tos ! toH tos | | tox 

00-00 OY SKK 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


mes tRASP 


RAS 


CAS 


VVUVYVVV ¥ \/ Y VV WAVAVAVAVAVAVAY, 
XXX KX RX K RRR LY 


aV a {\/\ 


S| 


DQ,-DQg 


XX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 


-RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


Vin— 
RAS Vi— 
tcre tReC 
fia ViH— 
CAS 
Vit— 


eA P7499 OARS 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


Vip— 
RAS 

Vit— 

Viq— 
CAS 

Vir— 


torr 
VuoH — 
DQ,-DQ, Vio. — , OREN cermin eT RN ER 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


FAS Vin 
Vit — 
peen ree Vin — 
LCAS 
Vit— AN 
Vv — 
DQ;DQ, OPEN 
VoL — 
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KM48V2000A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


a tRAS : trp tras S trp 
on Viq— 
RAS Vi tar 
Vin \/ ] r MN AIVVY VA/VYV VV VV V VV AS/VV VV VVVVVVV VV VY 
A wae OK ERX SBSH DRUK KKK ROA KKK) 
oe Vi TVA AV AWAY, AAAAAITIAK AMAA ATY ANA) AAA KARK A 
7 RET INIT AMNRNA HAGUE UNE 
eas AAV YIVVV YY VWAAYYIWWYVYV¥¥ W¥VVYW WV 
OE nC KX) AR KKK 
DQ,-DQs 
HIDDEN REFRESH CYCLE (WRITE) 
ries ae tro ———-}-—___ — ta¢e-———___—__--—+ 
= ViH— 
RAS a 
== ViIH— 
CAS Gis 
ie ViH— KITV VY VV VY VY VV VY VY VV 
~ OES 
i twes |  -- L-twen 
= NT eA VAVAVAV AWAY AV AN has TYV VY VV VI YY VV POV 
WA OKO AKA KKK KKK KK KD 
—_ ViH- VYYVVYYVVVVVVVY VV VV VY YY PVP VV VY PY VV VY VV 
Fn RK RR RR LR IG 


ViH— WAAAY WAV AW AV AAW AV AV AW, WAV A, WII 
cove RRA twos RRA 


f= tDHR KX DON’T CARE 


PSimsuNig “ 


ELECTRONICS 


KM48V2000A/AL/ALL/ASL 


CMOS DRAM 


TIMING DIAGRAMS Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


_ a RAS f—— "RP 
RAS eo 
ae - tcHR tcpT tRSH 
a Zw 
-tasc | 
Vip— WAAWWVVYYIVYVV VV OI VYV VV VA A/V YI VY YOAV VY 
; sie CXR acoess DRA YK 
tRRH 
= Viq— VYYY YY VY YY VYYYYY 
Fe RO MORNOOMNONY coer XXX 
Vie— AAWVVVVYYVVYVVOVYVYVVY YY AVY VVYV MA | toca RIVYYVVVYVYVWVYVVV 
FE OKRA CNOA 
DQ,-DQs nae OPEN (\) { VALID DATA-OUT 
WRITE CYCLE non 
_ Vie— \WKAAAAAAIAIWVYVYV VV ties Lo 
Wve AK KKKXRKKKXIL AN 
Vit-— AMVAV/VVVY 
OF Vit— YYW 
DQ,-DQg ae OPEN 
READ-MODIFY-WRITE 
| 
_ ViH-— AAWYYAAYYA/VVVYY\WWVV VV 
w vie NAIL 
a3 Vie— RAYWVYVYYV 
KY 
ViioH— 
pan DOs ViioL— 


tDH 
- ) 


( VALID DATA-IN 


tawo 
tcwo 


taa-————1 


VALID __/ 
DATA-OUT 


toeD 


VAIDYA VA VA [toe 
AKA 
GB 5) Cue: 


toez tos 


-—— trwL— 


VVVVVVYVYVJVVVVVVA/\/VVV/ 
AX 


tcwL 


WP. SIV A/ V/V/V 
AY) 


mVAVAVAYATAVAVAYAT AYA 


toH 


KX DON’T CARE 
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KM48V2000A/AL/ALL/ASL | CMOS DRAM 


PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 
r 0.730(18.54) 
Lt 


0.027(0.69) 


0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 
0.435(11.05) 
0.445(11.30) 


0.140(3.56) 
0.148(3.76) 


L_] LJ: JE 
0.026(0.66) 
0.032(0.81) 


Cr} 0.004(0.1) 


0.050(1.27) 
MAX 


0.016(0.41 0.050(1.27) 
0.020{0. = TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.740 (18.80) 0.03 (0. Semana 


0.005 | _ 0.008 (0:13 13) 
0. 
ne (18.36) eer 008 (0.20) 
seas ha 0.041 4 0.041 (1.08) _f 0.041 (1.05) 
ea es oe ee ee 
[GQ] 008 max | [GQ] 008 max | MAX 


0.037 (0.95) 0.048 (1.22) 0.016 (0. wo} 
0.052 (1.32) 0.020 (0.50) 


0.402 (10.21) 
0.423 (10.76) 
0.459 (11.66) 
0.466 (11.86) 


0.398 (10.11) 


0.016 (0.40) 
0.024 (0.60) 
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CMOS DRAM 


2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


¢ Performance range: 


mae [ene |e 
ans [sm | itr 
Tone [28 | tre 


, KM48V2100A/AL/ALL/ASL-6 
KM48V2100A/AL/ALL/ASL-7 
KM48V2100A/AL/ALL/ASL- 


¢ Fast Page Mode operation 

* Byte Read/Write operation 

» CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

¢ Double+3.3V+0.3V power supply 

« 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 

¢ JEDEC standard pinout 

* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


Refresh Timer 


Refresh Control 


[|_| Row Address Buffer 


AO0~A10 


Col. Address Buffer 


A0~AQ 


F Vpp 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM48V2100A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bitx 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48V2100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V2100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Data in 
Buffer 


fe) 

08 DQ1 

Memory Array a to 

E 

Refresh Counter 2,097,152 x8 < DQ8 
® 
Cells Q 
o 
” 


Data out 
Buffer 


ale” 
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KM48V2100A/AL/ALL/ASL | CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM48V2100 AJ/ALJ/ALLJ/ASLJ + KM48V2100 AT/ALT/ALLT/ASLT + KM48V2100 ATR/ALTR/ALLTR/ASLTR 


Pin Name Pin Function 
Address Inputs 

DQi-8 Data In/Out 

Vss Ground 

[_ RAS Row Address Strobe 

CAS Column Address Strobe 

Ww Read/Write Input 

OE Data Output Enable 
Power(+3.3V) 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol 
Voltage on Any Pin Relative to Vss Vin, VouT -0.5 ~ 4.6 V 
Voltage on Vpp Supply Relative to Vss Vop -0.5 ~ 4.6 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 W 
Short Circuit Output Current los ié 50 mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter 
Supply Voltage Vop 3.0 3.3 3.6 V 
Ground Vss 0 0 0 
Input High Voltage VIH 2.0 — i Vop + 0.3 
Input Low Voltage 0.8 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol} Min | Max | Units 
Operating Current’ KM48V2100A/AL/ALL/ASL-6 100 mA 
=m Dhe 2S As KM48V2100A/AL/ALL/ASL-7 Icc1 - 90 mA 
Peo esi Cyetnareine-an) KM48V21004/AL/ALLASL-8 go | mA 
KM48V2100A 2 mA 
Standby Current KM48V2100AL tes ; 1 mA 
(RAS=CAS=W=Vn ) KM48V2100ALL 1 mA 
KM48V2100ASL 1 mA 
— r KM48V2100A/AL/ALL/ASL-6 100 mA 
cHSvn bal sae KM48V2100V/AVALUIASL-7 | [ccs | - | 90 | mA 
are ah pias KM48V21 00A/AL/ALL/ASL-8 80 | mA 
i 1 
Paet Bade Moda Curent KM48V2100A/AL/ALL/ASL-6 80 mA 
AS-i CAS, Address Cycling @tpc=min) KM48V2100A/AL/ALL/ASL-7 Icc4 - 70 mA 
ries: 4 yen aAade KM48V2100A/AL/ALL/ASL-8 60 mA 
KM48V2100A 1 mA 
Standby Current KM48V2100AL lags 7 300 uA 
(RAS=CAS=W=Vpp-0.2V) KM48V2100ALL 200 HA 
KM48V2100ASL 200 LA 
—_— pie ‘ KM48V2100A/AL/ALL/ASL-6 100 mA 
BRS and GAS Oy cian KM48V2100A/AVALUASL-7 | Iccs | - | 90 | mA 
hp ace na KM48V2100A/AL/ALL/ASL-8 80 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH}=Vop-0.2V 
Input Low Voltage (Vit}=0.2V CAS=CAS-Before-RAS Cycling eae loc? - ee a ‘ 
or 0.2V Din=Don't Care Trco=62.52S(L-Ver.} i 
125uS(SL-Ver), Tras=Taas min.~300ns | 
Self Refresh Current 
RAS=CAS=0.2V 
W=_OE=Ao-A10=Vop-0.2V or 0.2V KM48V2100ALL Iccs - 250 LA 
DQi1~DQs8=Vop-0.2V, 0.2V or Open 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (continueg) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol; Min | Max | Units 
Input Leakage Current 
(Any input O<ViIN <Vpp+0.3V, all other pins not under test=0 volts.) Ine) “10 ” En 
Output Leakage Current 
(Data out is disabled, 0V<Vout<Voo) HOM || eB h NR  aeS 
Output High Voltage Level (loH=-2mA) VOH 2.4 - Vv 
Output Low Voltage Level (loL=2mA) VoL - 0.4 V 


*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE 1a-25'c, voo=3.3V, f=1MHz) 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQs) 


AC CHARACTERISTICS (°C <TA<70°C, Vop=3.3V +0.3V, See notes 1,2) 
Test Condition : Vir/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


Parameter 
Random read or write cycle time 
Read-modify-write cycle time ns 
Access time from RAS 60 | 70 80} ns | 3,4,11 
Access time from CAS 15 20 | 20| ns | 3,45 
Access time from column address 30 i 35 40] ns 3,11 
CAS to output in Low-Z 5 5 ns 3 
Output buffer turn-off delay 15 0 20 0 20] ns 7 
Transition time (rise and fall) 50 3 50 3 50] ns 2 
RAS precharge time tRP 50 | 60 ns 
RAS pulse width tRAS 10,000 |} 70); 10,000; 80) 10,000; ns 
RAS hold time | tRSH 20 | 20 | ns | 
CAS hold time | tCSH 70 | 80 ns 
CAS pulse width 10,000 | 20 | 10,000 | 20; 10,000/ ns | 
RAS to CAS delay time 45 20 L 50} 20 60| ns 4 
RAS to column address delay time 30 | 15 | 35 15 40| ns 11 
CAS to RAS precharge time 5 5 ns 
Row address set-up time 
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AC CHARACTERISTICS (Continued) 


tRA 
Column address to RAS lead time 

tRoH 
tar 


Write command hold time 


= 


= 
oO 


& 


Bl 
FP 


@ |— 
o;n 


=] 
n 


wo ,o | 
nyo lo 


a joa | = _ 
aa |o oO oO 


nh | — 

MH |M |e 

Dm |oO |M 
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ai 
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Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


a 


Data set-up time 
Data hold time 


a fo lee le 
~~ po > a ie 


Nis |@D 
o;}n |o 
o> 


= nN 
oa oO 


|_| 

10 
= =n 
Refresh period (Normal) | teer | | ms 
[Refresh period (Low power & SelfRef) | ter | 128 128| ms 
[Refresh period SuperLow power) | ter | 256 256| ms 
Write command set-up time | twos | 0 | ha 0 ns 
CAS to W delay time 50 50 ns 
RAS to W delay time tRWD 85 100 110 ns 8 
Column address to W delay time tawo 2 65 70 ns Za 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 ns 
CAS hold time (CAS-before-RAS refresh) tCHR 10 15 ns 
RAS to CAS precharge time tAPC 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) tcPT 20 30 30 ns 
Access time from CAS precharge | tom | | 35] 40 ns 3 


45 
Fast Page mode cycle time | tec | aol =| 45] sf sof ns 


Fast Page mode read-modify-write cycle time 100 105 ns 


CAS precharge time (Fast Page mode) l tcp | to] | 10] 


10 
RAS pulse width (Fast Page mode) | tease | 60 | 200,000 | 70 | 200,000| 80, 200,000; ns | 
OE access time | toca | | 15 i" 20 20| ns 
OE to data delay ee at ns 
amma ee 9 ie a a 
OE commend hold time 


ei” ne 
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AC CHARACTERISTICS (Continued) 


ee ES a a ek eee 
Se 


Parameter 


Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 
CAS hoid time (C-B-R self refresh) 


TEST MODE CYCLE (Note.12) 


ee 


Random read or write cycle time ftec [115] | 135] | 55] | ons | 
Read-mocify-write cyoe time [wwe | too] | tof | aol ts | 
Access time ftom RAS pimwc | | 65] ||| a5] | aan 


| Access time from CAS 


Access time from column address 


RAS pulse width 10,000 | g5| 10,000 ns | 
CAS pulse width | 10,000| 25| 10,000) 25 | 10,000| ns | 
RAS hold time | 25] | ns | 
CAS hold time | as] | ons | 
Column address to RAS lead time 

CAS to W delay time 

RAS to W delay time 


Column address to W delay time 


Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time 
RAS pulse width (Fast Page Mode) 
Access time from CAS precharge 


200,000} 85 | 200,000 


OE access time 
OE to data delay 


OE command hold time 


: 
a 


ce) 


«a? : 
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eS 


. Aninitial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

. ViH(min) and ViL(max) are reference levels for 


CMOS DRAM 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


measuring timing of input signals. Transition times 9. Either tRCH or tRRH must be satisfied for a read 
are measured between VikH(min) and ViL(max) are cycle. 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 


. Measured with a load equivalent to 100pF and 
Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 

. Operation within the tacp(max) limit insures that 

tRAc(max) can be met. tRcp(max) is specified as a 

reference point only. If tacp is greater than the 

specified tRcp(max) limit, then access time is 

controlled exclusively by tcac. 

. Assumes that tacb > tRcp (max). 

. tar, twcr, tDHR are referenced to tRAD(max). 

. This parameter defines the time at which the 

output achieves the open circuit condition and is 

not referenced to VoH or VoL. 

. twcs, tRwp, tcwo and tawpd are non restrictive 

operating parameters. They are included in the 

data sheet as electric characteristics only. If twcs > 

twcs(min) the cycle is an early write cycle and the 

data output will remain high impedance for the 

duration of the cycle. If tcwo>tcwp(min), tawp > 
trwD(min) and tawp >tawp(min), then the cycle is a 


11. 


12. 
13. 


14. 


15. 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
tRac(max) can be met. tRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycie, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torr(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 


TIMING DIAGRAMS 


READ CYCLE 
— tre 
ARS Vin— — tras — trap 
Vit— taR 
torp Lo trop samen tRsH =| Al 
——- Qe 7 
ee Vit— tase }—-tRad —14 tRAL— | 
RAH tasch7] tan 
ee CSS 0) EMD OIUNUNNNUNIMNNN 
tr tRCH 
w ee RRA OCA ieenManens 
+—-taa 
es 16 YY Ve OK WAY, VV, V VV 
OE We IRR BRR ORR 
torr 
DQ,-DQ, ce OPEN 


kX DON’T CARE 
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KM48V2100A/AL/ALL/ASL 


CMOS DRAM 


TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY WRITE) 


RAS 
CAS 
VAAL ASV VIVVYYVVVY YY VVYV VYVYVAAAAAAAD 
: XK ROKK KR OOD 
—— Vip— FAWYVIYVVVVV YY STATO AVATAT.W.V.Vav.V.VAVAV AT AV AY AV AV AWAY AAV AU AV AVAWAVAVAVAV.W 
: vn OOK EXXON RAAX KARAS 
tRWL = 
aoe A/T: Geely aVaYATAV AA’ AMMO AV ATATATAYAVAVAVATATATATATAYATAUAY.VLW VV .V.TA' A" AV AU AVATAT AV AVAVAVAYAVATAVAVAW.WAVAVAVAV A AVAWAWAY Vv, 
oF Vm ROOK RK KKK KR RR 
— towat 
tos ae toH 
00,00, yy ( vauio DArAIN OPEN 
WRITE CYCLE (OE CONTROLLED WRITE) 
—— tre 
js tRAS tRP 
ies Vip— tar 
RAS Vice 
= tcsH | 
sail troD tRSH 
— Vip— 
oe Vir— tRao— \ \ os {/ / 
tasr | | taaH tRAL 
_ tCAH 

Vip— /IVV/V/ CAS AAAA/YYVVV VV VV YAY VY VA 
A Vn BR OAIK BSthess KZ PX SEEMS KA RY) 
+ VaVaVaG aVaVaval svat AaT aval al Atal at st s0 a AVAy, 
¥ RY 

Viq— VY VY VVJVYVVVVVVYVY ANU V VV AASV V VYVVVVVIVYVVVVYVY 
oF Va ROE YY toro RRR KK YX 

ViH— VarevaV, AI VV VV VV VY VVVYVV VV VV VV V/V Y 
001-008 yy UK. vaun oarain ASA KAR YY RKKXXKX IN 


KY DON’T CARE 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS continued) 
READ-MODIFY-WRITE CYCLE 


be tawc: ——~ - 
~~ tras tre 
—_ ViH— t 
RAS VK ae 
t ~ - tesH 
CRP 
— trRep tRSH 
o. a = iF 
Vit— f 
Vit- WY Y, vy, % 
A 4”, COLUMN AVX) 
va KML _RooRess PRR IRM IRR 
~ tawo- a] 
> tran] -——_————— tcwp — /-— tow. 
i trwo p~—— tRWwL 
Ww Vin— XXXKKKKY 
\ t a 
Vi— taA ne XY’ Ys Oy) OK 
Vv PVAA/V/VVV VW YYYX) fee 
OE a XXXKXXXX) 
oe vi- ¥ 0% XXXXX My Wu XXX? wl toeD 
tr tcac tos Leng 
= = tract DH 
VivioH — y YX YVYYX) 
0 ce = aINOnnan 
Pee” Sip nee ee ¥ VU pata-our J DATALIN AY WY SVAN 


FAST PAGE MODE READ CYCLE 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


— fs trasP = —| = 
RAS : 7 tar 
tor ees tec TE trsH——— 
CAS \ tcas tcas [---— tcas —f/ 
tcsH el | tRAL——-—+-4} 
tasR “RAH hee [sca “ASC ae {CAH 
Vy y VYVVY OKRAY VAVAVAY, 
; A ASD XA S5ORESS KYRA Ronee AMA aoonces KAYAK) 
tRaD_| 4 tow. | tw j | Wi. ——— 
‘wor al Chosen] |) FEiae [| T= 
= YYYXVYXVYX) i lL AIWv7V\ | ? LAY XY YS | twcH | V,Vavava¥aTaVavava Vay, 
w KRY 7 ARNT RT PVA 
ae CEUCEELUCCCEEEON EECA AAA A? YY VAVAVAY, N VVAA/VVYV V4 VY VV AVIV V VY VV VV ASV/V/V 
OE RRR ER RRR LK RIK KN KAI LLKI e 
| ce tbH tos | tox tos | tbH 
YYXVY XV YX YYVYVX? V, VaW,VaVaVaVaVaVaVavaVay, 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS continuea) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 


RAS 


tcrP trPc 


ViH— 


Vit— 


mV ANN tor eo OMIM) 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


_ ViH— 
RAS 

Vit— 

ViH— 
CAS 

Vit— 


| torr 
Vion — 
DQ,-DQs, Viol et 7 OPEN A 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


Vin 
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CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


RAS 


CAS 


(\ V 


Y COLUMN 


yt A_ ADDRESS _AX XXX 
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HIDDEN REFRESH CYCLE (WRITE) 
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KM48V2100A/AL/ALL/ASL | - CMOS DRAM 


TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE | 


READ-MODIFY-WRITE 


tras : oe trp 
— Viq— “~ 
RAS 
Vit— 
iat «tCHR tepT tRSH 
Vip— 
CAS Gate 7 tcas- 
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Fv OOK XK RY 
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KM48V2100A/AL/ALL/ASL. CMOS DRAM 


PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027(0.69) 
MIN 


0.720(18.29) 
0.730(18.54) 
ee ee ee eee 


a|a Ria 819 
OQ \N Ola NI als 
o};°o NI BID Lie 
SIs o|o iD | od ireg 
relies SIS Bik ws 
lg ain S8i5 ois 
O}s Oo\- ~ | % tit 
é [oRTo) oR To) olo 
oR Ko) lo 


LILILJLILCJCILILCICLILICY 
0.026(0.66}) 
0.032(0.81) 


0.140(3.56) 
0.148(3.76) 


Slo ooK0-7 


0.050(1.27) 
MAX 


[| 
0.016(0.41) | 0.050(1.27) | 
0.020(0.51) TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 


0.740 (18.80) 


0.423 (10.76) 
0.459 (11.66) 
0.466 (11.86) 


0.398 (10.11) 
0.402 (10.21) 


| | 0.005 (0.13) 
0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) _{ 0.044 (1.08) 
i hes i em SI oR a een] 


0.037 (0.95) 0.048 (1.22) | | 0.016 (0.40) | 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) | | 
0.024 (0.60) 
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